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PREFACE 


It is hoped that this manual will aid in the fulfillment of several of the objects 
of the American Society of Clinical Pathologists, namely, to establish standards 
for the performance of various laboratory examinations, to promote the practice 
of scientific medicine by a wider application of clinical laboratory methods to 
the diagnosis of disease and to encourage a closer cooperation between the prac- 
titioner and the clinical pathologist. 

In the preparation of this edition, however, the authors have assumed responsi- 
bility for the selection of the methods given and therefore these can not be stated 
to have the approval of the Society as a whole. But the description of the technic 
of each method has been definitely approved by at least five members of the 
Society so that the title finally chosen for this edition of the book is “Approved 
Laboratory Technic, Prepared under the Auspices of The American Society of 
Clinical Pathologists.” 

In exercising a special effort to strike a proper balance in the amount of detail 
given to fulfill the needs of the laboratory technician without being burdensome 
to the expert, even the simplest details are frequently given with the hope that 
these will insure greater accuracy and uniformity in results and inspire greater 
confidence by physicians in laboratory examinations conducted by A. S. C. P. 
Approved Technic. And since there is a growing and gratifying increase in the 
use of laboratory methods by practicing veterinarians in the diagnosis of diseases 
of the lower animals, an effort has been made to render the manual of equal 
service to them. 

It is realised that no amount of detail or simplicity of presentation can make up 
for the deficiencies of inexperienced, careless and incompetent technicians, but it 
is believed that the descriptions and illustrations are adequate for insuring accu- 
rate work by experienced and careful workers and for the teaching of clinical 
pathology. 

Throughout the book an effort has been made to emphasize the importance 
of using accurate and reliable apparatus and reagents, as not infrequently the 
results of very careful and painstaking examinations and analyses are rendered ' 
worthless by inaccuracies in these particulars. For example, if blood counting 
pipets and counting chambers are inaccurately calibrated or broken, the counts 
can not be even approximately correct despite great care exercised in making 
them; if the antigen and other biological reagents employed in llie complement- 
fixation test for syphilis are lacking in sensitiveness, the reactions can not be 
reliable regardless of the care and skill exercised in setting up the tests. Under 
such conditions any method may be very precise and the worker very careful, 
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but the results quite inaccurate and misleading. It is fitting and proper, therefore, 
to lay particular emphasis upon these and other sources of error. 

Special emphasis has been placed upon quantitative tests and reactions, since 
these tend to greater accuracy and render more nearly possible approximately 
similar results from difierenl laboratories. And in qualitative tests an effort lias 
been made to suggest a uniform terminology and methods for reporting reactions. 

Since laboratories are frequently required to secure specimens of blood, spinal 
fluid, gastric contents, bile, etc., for examination, methods for obtaining these are 
included. 

While the field of “clinical pathology” is difficult to define, yet in practice it 
has come to include not only methods for the examination of blood, urine, feces, 
sputum, etc., but likewise those bacteriological, serological and chemical methods 
ordinarily requested in medical laboratories. Therefore, these subjects are included. 
Histological methods may be omitted and for this reason are not considered with 
the same amount of detail, although it is particularly gratifying to be able to 
include a chapter on Methods for the Microscopical Examination of Tissues by 
Dr. William C. MacCarty and Dr. W. L. A. Wellbrook. 

The authors are particularly indebted to Mr. Alexander Keller, Jr., for assistance 
in reading and correcting the proofs of the section on Chemical Methods and for 
permission to use a number of methods from the Manual of the Biochemical 
Laboratories of the Graduate School of Medicine of the University of Pennsylvania, 
prepared mainly by himself with the cooperation of Dr. W. G. Karr and Dr. W. 
B. Rose under the direction of Professor George II. Meeker. Also, Indebtedness 
to Mr. Herman Brown, Chemist to the Research Institute of Cutaneous Medicine, 
for several illustrations and assistance in preparing the section on Chemical 
Methods as well as to Dr. William G. Exton and Dr. Anton Rose, is acknowledged ; 
also, to Dr. Elizabeth Yagle for assistance in preparing the section on Serological 
Methods and to Dr. Henry L. Bockus for assistance in preparing the chapters on 
the examination of stomach and duodenal contents and bile. And we especially beg 
to express deep appreciation of the unselfish, highly efficient, painstaking and 
prompt assistance rendered by the Committees of the Society whose names are 
gratefully given on the title page and without whose cooperation the book would 
not have been possible, as well as deep appreciation of the unvarying courtesy 
and efficiency of the publishers. 
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THE MICROSCOPE AND METHODS OF MICROMETRY 

-■ EQUIPMENT ■ 

The microscope is one of the most essential and most frequently used instruments 
in the laboratory. If accurate observations are desired, the laboratory, should be 
equipped with microscopes of recent manufacture by any one of the well-known 
companies in America. Bauseh and Lomb, Spencer, Leitz and Zeiss offer instru- : 
ments of the finest grade. There is no choice between them insofar as .the optical 
systems are concerned but one may prefer one or the other type of stand design. 

For routine work the student model is to be preferred because of its simplicity 
and ruggedness. It is well to be familiar .with stand and the names of its various r 
parts. Consult the illustration in Figure 1. The microscope should be handled and 
carried only by the arm H. ' - 

The Optical System. — The optical system consists of (1) the objective which 
is the lens nearest the object above the stage. It is the chief lens arid is com- . ' 

. - . pound i.e. made of a series of lenses. (2) The eyepiece or ocular which further 
magnifies the image formed by the objective. (3) The condenser which concern, ' 
trates the light on the object as it rests upon the stage, thereby increasing, the . 

. illumination. Objectives are named by their equivalent focal length. That is the 
distance between the principal focus and the optic center of a simple, single lens 
that would give an image of. the same size as that formed by the objective at a 
distance of 250 millimeters.' It means then that the 16 millimeter lens inch) 
forms, at a distance of 250 millimeters, an image of the same size as a simple lens 
capable of causing parallel rays of light to come to a focus 16 mm. from its optical .. 

. center. See Figure 2. This does not mean that the focal length of the objective 
Y\ or that its working distance (the distance from the object to the front of the lens) ' 

is 16 nrillimeters. Recently manufacturers have chosen to name lenses by their . . 

. initial magnification which is more desirable. Balisch and Lomb achromatic ol> 
fjectives are designated as follows: ■ • - ■' . \ \ ’ 


■ Magnification 
■ Number ■ 

Equivalent 

Focus in m . 

• Working •" . 

Distance in mm. ■; 

1 ’ - *.i 

* *** 5 . r » 

2 

48 

- 53.0 

4 

32 • 

- v. ' 38.0 . •' . -'V ■ 

10 

16 •- 

7.0 - • '■ 

45 

4. ■ 

■ . - • ..,,0.3 , ■/,, 

v 97 

1.9 . 

- ... 0.15 . ', v ', V 
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Fie. 1. — A Satisfactory Type of Microscope 


F. is the eyepiece, of which two or three are u«ually furnished for varying degrees of mag- 
nification. 

D is the draw tube, which i» calibrated and should alwajs be drawn to 160 or any other 
length recommended by the manufacturer. 

T is the body tube. 

RN is the revolving or triple nosepiece carrying the objectives, 

0 is one of the usual three objectives. 

R ia the rack upon which the tulie is raised or lowered. 

• PH is the pinion screw for coarso adjustment. 

Mil is the micrometer screw for fine adjustment. 

H is the handle. 

S is the stage. 

SS is the substage carrying tho Ablif condenser with diaphragm. 

M is the mirror with plane and concave surfaces. 

/ is the inclination joint for using the microscope in an inclined position. 

P is the pillar. 

B i9 the bate^ffHich should be Urge and solid. 



"X— X represents the optic aiis. R, R, parallel rays of light brought to a focus at F. 0 rep 
resents the optic center. 0 — F is the focal length of the lens. 
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A r .■ ,xon is more helpful since oculars are also designated by their 

~' J power and one need only multiply the initial magnification of the 
s , by that of the ocular to obtain the diam- 
of magnification of the optical system used, 
lOvided the tube length is properly adjusted. 


lm y,/ 

r 


White 
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\J Objectives are further named in accordance with 
their manner of use or construction. x. 

Dry Objectives. — These are simple objectives, 
air alone lies between the front lens and the cover 
glass of the preparation. 

Immersion Objectives. — Some are so con- 
structed that water must be placed between the 
front lens and the cover glass for the objective 
to function properly. Others require more illumi- 
nation than can be delivered by the condenser 
with air space or water between lens and objec- 
tive. Cedar wood oil, which has the same refrac- 
tive index as glass, must be placed between the 
front lens and the cover glass and between the 
glass slide and the condenser. These are the well- 
known oil immersion objectives. They will not 
"permit full illumination or clear resolution with- 
out being immersed in oil. The common practice 
of using paraflin oil because it is less sticky is not 
recommended. t 

. Achromatic Objectives. — These are objectives 


A\ i- 


llgM 



f | 


i j 




Fig. 3. — Chromatic Aberration 
with Composite Light 

While Light, a beam of white 
light composed of all the colors 
meeting a lens and the different 
wa\ e lengths being differently* re- 
fracted breaks the composite light 
up into its constituent colors. 

Red Blue, the long waved red 
light is less refracted than the 
shorter waved blue light. After 
crossing at the foci the blue light 
is on the outside of the diverging 
cone, fb, fr. The focus of the blue 
light fb nearei die lens than the 
focus of the red light fr. 

Axis, the optic- axis of the lens. 
The dispersion or separation into 
colors differs with different trans- 
parent substances, and is not in 
proportion to the mean refraction. 
(From Gage, The Microscope, 
Comstock Pub. Co., Ithaca, N. Y.) 



in - which the image is free from the rainbow 

colors. A simple or single lens does not bring light of different wavelengths (dif- 
ferent colors) to a common focal point. The light of shortest wavelength (the 

blue-violet end of the spectrum) is bent or refracted 
most by a lens and comes to a focus nearer the lens 
than light of a longer wavelength (the red end of 
the spectrum) which rays are bent or refracted less 
(Fig. 3). This means that die image of a Colored 
object will not be in sharp focus for all colors. The 
phenomenon is called chromatic aberration. It may 
be corrected by placing a second, concave, flint glass 
lens behind die primary convex, crown glass lens. 
The use of fluorite or fluorspar in the second lens 
permits of a higher degree of correction. Achromatic 
objectives are corrected for two colors. They are also 
corrected at the same time for spherical aberration. 
It may be noted diat a single hand lens gives an 
image in which the periphery is blurred or out of 


Fig. 4.- 


— SrHERiCAL Aberration 
in a Let.s 


Axis, The principal optical 
axis 1-2-3. Ray 1 at the edge 
conies to a focus at 11, ray 2 
at 12 and ray 3 at 13. That is, 
the nearer the optic axis the 
longer the focus, and the nearer 
the edge of the lens the shorter 
the focus. (From Gage, The 
Microscope, Comstock Pub. Co., 
Ithaca, N. Y.) 



4 GENERAL LABORATORY METHODS 

focus, while the center is quite sharp. Tins is due to the fact that the peripV 
rays of light are refracted or bent more than the more central rays and coy, 
quently come to a focus nearer the lens (Fig. 4). This may likewise he correcjph 
by placing a concave lens behind the primary convex lens. Correction is 
with the same lens used for color correction. 

Apochromatic objectives are corrected for spherical aberration and for thn 
colors and are, therefore, more desiroble for photography. Aplanatic condenvrs 
are corrected for spherical aberration. They may also be achromatic. 

Adju«table objectives are fitted with a small collar by which the distance lx*- 
tween the front and back lens may be varied to compensate for variations in the 
thickness of cover glasses or mounting media. Oculars are usually designated 
by their magnifying power, a$ 5X, 7.5X, 10,^, etc. It is their function to pick up 
the image formed by the objective and enlarge it further. Thus the degree of 
magnification of an object visualized may l»c determined by multiplying the 
magnification power of the ocular by the magnification number of the objective. 
(Tube length must be properly adjusted.) Oculars arc also designated according 
to their construction. Hu>genian oculars are the least expensive and those mo«t 
commonly used. They do not possess the correction of belter forms for color or 
flatness of field. Compensating oculars are overcorrcctcd as to further reduce 
chromatic and spherical aberration of an objective. They should always be used 
in conjunction with apochromatic objectives. 

Substage Condensers. — These are constructed usually of two lenses for the pur- 
pose of concentrating light upon the object ns it rests upon the stage of the 
microscope. They thereby increase the illumination. 
They are commonly of the nonaclyromatic type 
named after their designer Abbe. AplanJlic, achro- 
matic condensers arc' available on the more expensive 
microscopes. 

The microscope should be equipped with two 
oculars preferably a 1DX and 5X. Huygcnian oculars 
are satisfactory if achromatic objectives are used. 
There should he three objectives on a triple, revolv- 
ing nosepiece, namely a 16 mm. (E.F.), a 4 mm. 
and a 1.9 mm. (oil immersion). It Is well to have available also a 32 mm. or 
48 mm. very low power objective. Achromatic objectives are quite satisfactory 
for routine work. Compensating oculars and apochromatic or fluorite objectives 
must he used for microphotography. The microscope should be fitted with on Abbe 
condenser (aplanatic for photography). A mechanical stage is necessary for blood 
counting or wherever a systematic search of an object is to he made. The cheaper 
uncalibrated forms are quite satisfactory (Fig. 5). The monocular forms of micro- 
scope are more commonly used because they cost less. Tim binocular microscopes 
are more desirable because they can be used with less fatigue over longer periods 
(Figs. 6 and 7). 

Illumination. — Daylight from a north window is the ideal source of illumina- 



Frc. 5. — Mechanical Stace 
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, iioifi It is, however, so often unavailable that a more constant and dependable 
/source,is;desired. Many forms of microscopic lamps are offered by 'manufacturers 
(see. Figs. 1 ' S, 9 and 10)’. The substage lamp or any lamp . utilizing" a 100 watt 
nitrogen filled .tungsten bulb and a “daylight” glass filter provides a satisfactory 
source, of. light. A powerful source such as the carbon arc or. 6 volt ribbon filament 
bulb As.. required for dark-field illumination (q.v.) ■’ 

Accessory Equipment. — It is well to be provided with a band lens.for the study 
of tissues (stained slides), sputa and feces, etc., prior to microscopic study.: It gives 



Fic. 6. — Bmocm.An Microscope Fig. 7.; — Binocular. Tube Attachment 


one an idea of the composition of the whole specimen ,apd enables one to better , 
orient himself .when studying the smaller fields seen through' the' objective. In the 
selection of material from sputa' or feces better samples will be obtained by the aid . 
of such a . lens: A pointer in the ocular is a great convenience. If the top of the lens 
of the , ocular be removed, a diaphragm with a circular aperture will be found in 
the ocular tube. An eyelash or any fine hair inay be so cemented on . the rim of this 
diaphragm by means of Canada balsam so that the free end of the hair is in the 
center of the aperture. With' the top lens in place the hair should appear as a fine 
pointer in focus. If it is not in focus move the diaphragm tip or down until the hair 
is seen in sharp definition. This Will .serve to locate objects in the field. For the 
enumeration of small objects' like blood platelets or reticulocytes ;it is helpful r> lp 
cut/down the size of the field. This, may be accomplished by cutting a disk of black 
paper or metal to such a size that it will fit snugly over the diaphragm. in the 
ocular. Cut a small square about 5 or 6 mm. on a side, in the center of this disk. It 
. can easily be removed when it is not heeded. , ... % ’’ 
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Fic. 8 ,— Micro Lamp, Chalet 
Form 


Care of the Microscope. — The microscope should be covered ol all times when 
not in use. A close mesh, lintless cloth boot that covers the entire stand is quite 
efficient, A glass bell jar or a transparent cellulose jar is convenient. If the g!a«s 
jar is used, great care must be exercised in placing 
it over the microscope lest it strike and damage the 
instrument. 

Dust that accumulates should be wiped from the 
stand with a soft cloth kept for that purpose. The 
cloth moistened with xylol will remove cedar oil. 
Alcohol should never be u«ed on any part of the 
micro e copc. The coarse adjustment screw and bear- 
ing should i>e cleaned from time to time as the 
lubricating oil tends to become thick and sticky. 
Remove the body tube from the stand, after racking 
it up as far as it will go, and wipe the hearing with 
a cloth moistened with xjlol, until all dirt is re- 
moved. The parts should then be wiped with n clean 
cloth moistened with a good grade paraffin oil and 
the tube replaced. The bearings of the mechanical 
stage may be cleaned and lubricated, in the same 
manner. The coarse adjustment screw may need 
tightening from time to time. The method differs with each make of microscope. 
Consult the book of instructions which comes with the microscope for directions. 
No other adjustments should be made except by an expert microscope mechanic. 
The agents for the manufacturer will gladly make such minor adjustments without 
charge. It is well to have the microscope 
inspected and adjusted occasionally by 
such an expert so that the life of the in- 
strument will be prolonged and its effi- 
ciency maintained. 

The lenses should be frequently brushed 
with a soft camel’s-hair brush. Then they 
ma> be wiped and cleaned with a soft cloth 
(well washed linen) or lens paper. If the 
cloth or paper h used before brushing, the 
gritty particles always found in dust will 
scratch the lens surface. Oil may be re- 
moved from the Immersion lens with a piece of lens paper moistened with xj lol. 
The lens sjstem must never be taken apart. The surface of front and back lens 
may be cleaned as directed above but never separated except by an expert 
microscope mechanic. 

The Use of the Microscope. — The microscope should rest upon a table ol 
such height that when one is seated before it one can comfortably look into the 



Fic. 9 . — Micro Lamp. Scbstace Form 


ocular without inclining the instrument. If seated before an open window or any 
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other source of Iiglit the eyes should be so shaded that 'no ’-'other rays of light enter 
die eye but those from the microscope. If using a 'monocular form, both eyes should 
be kept open and one shoiild learn to relax the accommodation of the unused eye 
(Fig. II). The ability, to do .this may be acquired by means of a black card. An 
opening is cut in a 3x6 inch card near the center of one narrow end, large enough 
to fit snugly over the upper end of the draw tube, after the ocular has been, 
removed. The card then projects into the field of vision of the unused, eye. If 






Frc. 10 .— Micro Lamp. For 100, Watt Nitrocex Fiixeu Bum or Ribbon . Filament; Bulk , 
’ ’ (6 volt)’ ■, -• 

.'Wlien equipped with tlie latter, the lamp is suitable for dark-field illumination (Bauscn ; 

and Bomb). - •. ‘ , 


■ / -die surface is blackened it reflects little or no light into that eye; After a time the 
card can he discarded. ’ . 

The tube length should be adjusted. The draw tubes of most microscopes are 
, ■/! graduated so that lhe tube may be pulled out to the proper length for. each object- . 
’live." The tube length for which each objective is. corrected is engraved. upon it. 

; . For most .lenses this length . is 160 mm. .Tube length is extremely important with ; 
oil immersion objectives. A variation of 5 mm., will destroy . the perfection of the . 
image. Increased or diminished tube length alters the initial magnification of the 
objective. The tube should be mthdrawn With a spiral motion while supporting 
' the coarse, adjustment screw lest the. whole body lube be drawn from Jts bearing. ' 
It is returned to its former position with, the same care lest the objective be driven • 
•forcibly against the stage or object. The microscope lamp. should be placed about 
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10 or 12 inches from the mirror and its rays directed upon the mirror (plane sur 
face). Swing the condenser out of position or raek it down to its lowest point. 
Look into the tube at the hack of the low power (16 mm,) object he and manipulate 
the mirror with both hands until the tube is evenly illuminated. The ocular is now 
replaced and the object to be examined is placed upon the stage. 

Focus the low power objective by first viewing it from the side and placing it 
down near (within one or two millimeters) the object. Then looking into the 
ocular rack the body tube upward by the coarse adjustment screw until the object 



Fig. 11.— Proper Fosmo'i at the Microscope 
Both eye 9 open. Body erect. Jbght hand manipulating the mecfumical stage. Left hand 
manipulating the fine adjustment screw. (From Bass arid Jolin«, Frnc/icol Clinical Laboratory 
Diagnosis, Waverly Press, Inc., Baltimore.) 

comes into sharp focus. Illumination is now further adjusted by setting the con- 
denser at the lowest point which gives even illumination yet brilliant sharp defini- 
tion of the object. It is well to examine the objects always with the lower powers 
first as directed above, selecting fields to he studied with the higher magnification. 
Once the light is centered it need not be changed but the position of the condenser 
must be changed for each objective and for each variety of object studied. It must 
be higher for dense objects and quite low for unstained or transparent objects 
such as urinary casts. The illumination just described is called central illumination. 
It is the type most frequently used. After a little experience one may place objective 
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and condenser in their approximate positions and adjust the mirror without re- 
moving the ocular. The centering is finally determined by focusing up and down 
upon the object. If the illumination is conectly centered, the image moves up and 
down, in and out of focus. If not correctly centered the image will move to one 
side or another and back again as the objective is raised or lowered. Where the 
sharpest definition is desired, the aperture of the condenser must also be considered 
for each objective. After corxect centering of the light and focusing of the condenser 
and objective, the ocular is removed and one looks at the back of the rear lens 
of the objective. Slowly the iris diaphragm of the condenser is closed until its 
shadow is seen in the periphery of the back lens. 

With oil immersion objectives on bacteria the iris should be wide open. Where 
surface markings are to be studied, as on diatoms, cut the apparent aperture to 
about two-thirds and in still denser objects, as histologic preparations, to about 
one-half the opening of the back lens. With dry objectives the iris should be cut 
down to slightly less than the aperture of the objective so that its edges should 
just be visible in the periphery of the back of the lens. 

With the oil immeision objective the condenser must be racked upward to its 
highest point. Oil should be placed between the condenser and the slide and be- 
tween the cover glass and the objective. Focusing, with this and all objectives, 
should be upward after placing the lens near the object. Never focus down upon an 
object. The fine adjustment screw is used to study the object after it has been 
brought into focus by the coarse adjustment. The fine adjustment screw should 
never be turned more than one complete revolution in either direction. It is best 
operated by tire left hand and constantly adjusted as the right hand manipulates 
the mechanical stage or the slide upon the stage. 

In the study of surface contour, oblique illumination may be necessary. Research 
microscopes are so arranged that the iris diaphragm can be shifted from the center 
to the periphery of the condenser. Without this arrangement one must use a finger 
or a card over the aperture of the condenser so that the light may enter it from one 
side only. In this manner one may demonstrate the cylindrical shape of urinary 
casts. 

Aside fiom these suggestions the adjustment of the condenser and the iris 
diaphragm become a matter of experiment in each case, in order to determine the 
best sort of illumination to biing out the desired details in the object one is pre- 
paring to study. 

In order to obtain the best illumination for objectives more than 16 mm. E.F. the 
condenser should be removed and the plane or curved mirror used — depending 
upon the degree of illumination desired. When the condenser is used with objectives 
of 16 mm. E.F. or less (the higher powers) the plane minor should always be 
employed. The condenser is so constructed that parallel rays of light are brought 
to a focus above the uppermost surface of the top lens of the condenser and in the' 
plane of the object. If the concave mirror is employed, the rays of light are brought 
to a focus within the condenser and its effectiveness is depreciated. One may use 
the concave mirror and the condenser for the lower powers instead of removing 
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the condenser entirely and obtain satisfactory illumination of the field. Under these 
circumstances the condenser must be moved close to the object. 

CovergIas3 Thickness. — A fcoverglass should be used with wet preparations. 
It is not so important when using the lower power objectives but even here the 
roundness of the drop formed causes a distorted field that is not so easily studied. 
A coverglass must be used with the higher power objectives lest the objective be 
wet by the liquid and the image be distorted and lire lens of the objective be soiled. 
Covers are made of three standard thicknesses classified as No. 1, No. 2 and No. 3. 
From the optical standpoint No. 2 is best suited for all but oil immersion objectives. 
For these No. 1 is necessary because o! the short working distance (space between 
objective and object). Even the best grades vary considerably in thickness and the 
variation afTects the distinctness of the image. With the low powers this effect is so 
slight that it may be ignored but with the 4 mm. objective a deviation of 0.05 mm. 
above or below the standard for which the objective is corrected may obliterate fine 
structures in the image. One may avoid this difficulty by selecting covers ol the 
proper thickness with a micrometer or by tiie use of the adjusting collar with which 
some objectives are fitted. The thickness of covcrglanses is about os follows: 


No. 1 0.13 to 0.17 mm. 

No. 2 0.17 to 0.25 mm. 

No. 3 0.25 to 0.50 mm. 


Slight variations in coverglass thickness may be compensated for by increasing the 
tube length for covers too thin or decreasing it for covers too thick. With a 4 ram. 
objective of 0.85 numerical aperture, an increase of 30 mm. in tube length will 
balance a decrease in coverglass thickness of 0.03 mm. It must be borne in mind 
that a change of tube length changes the initial magnification of the objective. 

When employing oil immersion objectives, cover thickness is not so important, 
provided the combined thickness of it and the mounting medium is less than the 
working distance of the lens. Tube length is of considerable importance with 
immersion objectives, however, for a difference of 5 mm. is sufficient to destroy 
the perfection of tire image. 

Numerical Aperture. — It is well known that clearness of image, other things 
being equal, depends upon the width of the angle of light coming from the object; 
and that resolution of fine details depends largely upon the width of the angle of 
such rays that can enter the objective and become effective in producing the 
microscopic image (angular aperture). Angular aperture may be defined as the 
angle formed by the border rays of light passing from the object into the front 
lens of the objective (Fig. 12). Were it not for the use of immersion substances as 
oil and water, this angle would be a measure of the resolving power of a lens. 
Resolving power is the property by virtue of which a lens is capable of showing 
distinctly two tiny bodies lying side by side. The greater the resolving power, the 
smaller and closer may these bodies be. By the use of immersion substances wider 
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angular apertures ate obtainable than with air and these require the consideration 
of the refractive index of the substance used. Abbe suggested the term numerical 
aperture which he obtained by the product of the lowest refractive index of material 
between the object and the front lens of the objective (air for dry objectives. 



Fig. 12. — Angular Aperture of an Objective 

(AXIS) , The principal optic axis of the objective; (B) The object just outside the principal 
focus; (ADC) Diameter of the front of the objective and tbe base of tbe angle of aperture; 

AD , . , „ 

1ABD) Half the angle of aperture (u) ; jg- Represents the sine of u. (From Gage, The 
Microscope. Comstock Pub. Co., Ithaca, N. Y.) 


water for water immersion and cedar oil for homogeneous immersion) and the 
sine of half the angle of aperture of the objective. The formula is as follows: 

N. A. = n sin u 

n — the lowest refractive index that appears between the object and the front lens 
of the objective 

u— Half lire angular apertuie of the objective 
N. A. is always engraved upon the objectives 

It is important that condensers be used which can produce illumination of suffi- 
cient N. A. to fill the objective. There is no point in employing a costly objective 
of N. A, 1.40 with a condenser of N. A. 1.00 or 1.25. If the full angle is to be 
obtained, both condenser and objective must be immersed in oil. 
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Increase in N. A. renders correction for spherical and chromatic aberration more 
difficult and reduces lire depth of focus of the objective. Objectives of high 
numerical aperture produce images that arc extremely sensitive to changes in the 
fine adjustment screw. 


MICROMETRY 

A good micrometer is a practical necessity, as the importance of size in identifi- 
cation of microscopic structures cannot be too strongly emphasized. Even very 
rough measurements will often prevent humiliating blunders. The principal micro- 
scopic objects which are measured clinically ore bacteria, animal parasites and 
their ova, and blood corpuscles. The metric system is used almost exclusively. For 
very small objects, 0.001 millimeter has been adopted ns the unit of measurement, 
under the name micron. It is represented by the Greek letter (i. For larger objects, 
where exact measurement is not cssen* 


, tial, the diameter of a red btood 

y' corpuscle (7 to 0 micro) is sometimes 

/ J ::3:3B \ taken as a unit. Of the several methods 

I r' J : ±3 I nleasurcm(,^1, * the most convenient 
V r ■ ■ x ’ ± 3 / ant * 0CCUIfale * 9 'he use of a micrometer 

\ tmxtfcttD / eyepiece (Tig. 13). In its simplest 

form this is similar to an ordinary eye- 

Fic. Fte. H.-Ornu. r ic "’ b “‘ ll3s " ilhin “ » s'“‘ 

Eyepiece with’ Mot Michometeb Disk upon which is ruled a graduated scale. 

abie Scale When this eyepiece is placed in the 

tube of the microscope, the ruled lines 
appear in the microscopic field, and the sizeof on object is readily determined in terms 
of the divisions of this scale. The value of these divisions in millimeters manifestly 
varies with different magnifications. Their value must, therefore, be determined sepa- 
rately for each objective. This is accomplished through use of a stage micrometer — 
a glass slide with carefully ruled scale divided into subdivisions, usually hundredths 
of a millimeter. The stage micrometer is placed upon the stage of the microscope and 
brought into focus. The tube of the microscope is then pushed in or pulled out 
until two lines of the one scale exactly coincide with two lines of the other. From 
the number of divisions of the eyepiece scale, which then correspond to each 
division of the stage micrometer, the value q( lire former in micra or in fractions 
of a millimeter is easily calculated. This value , of course, holds good only for the 
objective and the tube length uith uhich it was found. The counting slide of the 
hemacytometer will answer in place of a stage micrometer, the lines which form 
the sides of the small squares used in counting red blood corpuscles being 50 micra 
apart. When using the counting chamber with an oil-immersion lens a cover must 


be used, otherwise the oil will fill the ruled lines and cause them to disappear. 
Any eyepiece can be converted into a micrometer eyepiece by placing a micrometer 
disk a small circular glass plate with ruled scale- — ruled side down upon its 
diaphragm (Fig. 14). If the lines upon this are at all hazy the disk has probably 
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been inserted upside down or else the diaphragm is out of its proper position. 
Usually it can be pushed up or down as required. 

DARK-FIELD MICROSCOPY 

In the preceding pages, bright field microscopy has been discussed wherein 
objects have been studied microscopically by transmitted light, that is to say, 
light from the condenser passed through the object and was modified by the natural 
color or artificial stain of the object. Those objects which possess little or no 
differential coloring of their various parts are stained by 
selective dyes to cause them to stand out prominently. 

Thus the nuclei of cells are rendered visible in the 
cytoplasm, and bacteria barely visible are made quite 
prominent. Often it is desirable to study living things 
that cannot be easily stained or would be destroyed by 
a dye and are yet so tiny that even with the oil immersion 
lens they would be invisible by transmitted light. 

As one gazes about the ordinal y room no dust particles 
are seen by the naked eye, but, if one directs the line of 
vision at right angles to a beam of sunlight, entering through a window, myriads 
of tiny particles become apparent because they reflect the rays of sunlight into the 
eye. One sees them not because the light is brighter but because they reflect the sun’s 
rays into the eye. The phenomenon is spoken of as the ‘‘Tyndall effect.” By the 
same principle, nonluminous stars or die moon are seen in the sky at night because 

of the sun's rays which they reflect to the earth. This 
is the principle of dark-field illumination. No light 
enters the microscope except that reflected by the ob- 
jects in the field. Hence, the background is dark and 
the objects appear bright. Illumination may be from 
above the stage or from below it. When illuminated 
from below the effect may be' obtained with the lower 
power objectives by placing a metal disk supplied 
with many microscopes beneath the iris diaphragm 
of the Abbe condenser. This shuts out the central rays 
and allows only the peripheral border rays to enter. 

When higher magnification is requiied as in search- 
ing for Treponema pallidum, greater obliquity of light 
is necessary because of the increased numerical 
aperture of these objectives. One of the regularly designed dark-field illuminators 
must be employed (Figs. 15, 16, 17). One may use one of the combined types. 
These are refracting condensers of the Abbe type fitted with interchangeable lens 
mounts. The advantage of such a condenser is that one may shift from bright field 
illumination to dark-field by lowering the condenser and changing the top element. 
This type is not a very satisfactory dark-field illuminator. The paraboloid illumi- 
nator is the most practical for routine work (see Fig. 18). It is easily manipulated 





Fic. 16 . — Sectional View of 
P ARABOLOID DaRK-FiELD CON- 
DENSER 



Frc. 15 . — Dark-Field 
Condenser 
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and gives an excellent dark field. The cardioid 
illuminator provide-? light rajs of even greater 
obliquity and, therefore, can Iw used with 
objectives of higher numerical aperture with 
all of its advantages. The result is a brighter 
object with a much darker batkgrouml and 
greater resolving power. (Fig. 19.1 However, 
the cardioid illuminator is much more difficult 
to manipulate, and it is much more sensitive 
to dust particles or scratches upon the slide 
or covergla«s. The paraboloid tv pc is recom- 
mended and the method of using it dc«crilicd 
as follows: 

1, The oil-immersion Jens has too great a 
numerical aperture for lids work. It mu«t be tut down bv placing a funnel stop 
behind the rear lens. The proper stop is furnished bv the maker of the objective. 
It should provide a numerical aperture of 0.80. The threaded end of the objective 
is unscrewed and the stop placed in po-ition, apex down in the lens mount. The 
threaded end is then screwed back in place 
and the objective is screwed into the nose- 
piece. 

2. The Abbe condenser is removed from 
its substage adjusting sleeve and the dark- 
field illuminator fastened in its place. One 
must make certain that the upper lens sur- 
face is in the plane of the upper surface of 
the stage or a little higher when the illumi- 
nator is racked to its highest point. Close 
contact with the under surface of the glass 
slide may then he assured. The diaphragm 
of the illuminator should he wide open. 

3. The source of illumination, a carbon 
arc lamp or a ribbon filament lamp should 
be placed about 12 inches from the mirror 
and a narrow beam td light dVrerted on the 
plane mirror. The beam should nearly fill 
the mirror surface. 

4. As the light from the lamp is reflected 
up into the illuminator, some of it is re- 
flected by the polished under surface of the 
illuminator hack into the mirror. This light 
may be reflected on the wall behind the lamp 
or on the lamp housing as a very much 
dimmer light spot than that which comes 



Fic. 18, — Paraboloid Condenser 


The drawing Minus ibe path of light 
through the condenser. Ci. ii the cen- 
tral slop. S5. tlie siNercd parabolic 
surface; 1LI1, homogenous liquid be- 
tween the rum!rn«er and «lip. Canada 
bal«am inrlo-ing: I lie object and the 
homogenous liquid between tlie object 
und tlie cover glass; C.S, Class slide 
on which the object is mounted. It imiM 
be of a thickness to bring the focus «f 
the cone of light on the object; C.G, 
cover glass; Obi, front lens of the ob- 
jective. (From Cage, The Microscope, 
Comstock Pub. Co, Ithaca. N, Y.) 



Ftc. 17. — A Dark-Field Condenser 
with Licht Attached 
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from the light source directly. These two spots of light may be easily seen if the 
mirror is manipulated. The miiror n ill be correctly placed if the dim spot reflected 
from the illuminator can be directed back into the light source through the front 
lens of the lamp. The low power objective is focused on the upper surface of the 
condenser before placing the preparation on the stage. When some light passes into 
the illuminator even though the illumination is 
not uniform, a small circle will he seen, 
scratched upon the surface of the top lens. This 
indicates the center of the lens and by means 
of the centering screws on the illuminator 
mount, this small circle must be brought into 
the exact center of the field. 

5. One is now ready to prepare the material 
for examination. Glass slides of a definite thick- 
ness must be selected. The correct thickness is 
usually indicated upon the illuminator mount. 

The Bausch and Lomb illuminator is adjusted 
for slides of not greater than 1.55 mm. If 
thicker slides are used, the illuminator cannot 
be brought into proper relation with the object. 

If the slide is too thin, the illuminator may he 
racked down to the proper level. The coverglass 
must not be more than 0.13 mm. thick (No. 11 . 

The material to be examined must be in a thin 

J 

emulsion. Too many particles will cause too 
much scattering of light and diminish the 
sharpness of the field. The scraping or juice 
expressed from chancres' in searching for 
treponema pallidum must not contain too much 
debris, pus or blood. It is well to practice 
making suspensions of varying density with 
salt solution. Scrapings from the margins 
of the gums will provide excellent material with which to practice. 

6. Raise the illuminator so that its upper surface is in the same plane as the 
surface of the stage. Place a drop of immersion oil upon the illuminator lens and 
place the preparation in the oil in position. Examine the preparation with the 
16 mm. objective. If the condenser is in proper position, a circle of light will 
appear in the center of tire field. This spot is more easily seen if ground glass 
slide of exactly the same thickness as the one used for the preparation is substituted, 
ground side placed upwards (Fig. 20) . (The ground glass slide which should he a 
part of the equipment can he made by rubbing a slide of proper thickness in a 
paste made of water and very fine emery or carborundum powder on a piece of 
plate glass.) If the illuminator is too high or too low, a ring of light with a dark 
center will he seen. Raise or lower the illuminator until a circle is’ obtained. If this 



Fig. 19.— Di \cram of a Cardioid Con- 
denser WITH U RAM CM GLASS IX 
Homogenous Contact with its 
Upper Face to Show the Course 
or the Hoeeow Cone of Light 

C.S, Centtal stop; U. block of 
uranium glass whose fluorescence 
maiks out the path of the light cone; 
Si, Ci. ground-glass slip much ton 
thick shoeing the lighted circle and 
dark center above the focus; S2. C2, 
ground-glass slip of the correct thick- 
ness to show the focus of the con- 
den=er at its ground surface; S3, C3, 
S4, C4. ground-glass slips equally too 
thick and too thin to show a similar 
bright circle and dark center abo\e 
and below the focus. (From Gage, 
The Microscope, Comstock Pub. Co., 
.Ithaca, N. Y.) 



If, GENERAL LABORATORY METHODS 

is not possible, the slide is too thick or the illuminator is not properly set in its 
holder. If the illumination appears to be correct, swing the immersion lens into 
position and after placing a drop of immersion oil upon the cover bring the 
objective into focus (focus upward). The background should be dark and the 



Fic. 20 .— Dark-Field Illumihatiox 

f a) Improper illumination becau«e (lie condenser is a1m\e or below the eorrerl focus. 
<0 1 Proper illumination with the bripht *p«t when the condenser is correctly focmed. (From 
Torld and Sanfonl, Clinical Diagnoxit by Laboratory MrthoJt . \T. It. Saunders Oi.) 

scattered bodies in the field should l«c brilliantly illuminated. Slight adjustments 
of the height of the condenser and the position of the mirror will improve the 
blackness of the background and the brilliance of the illuminated bodies. Finally, 
when the best setting is obtained slowly close the iris diaphragm until there appears 
the most contrast of brightness of object and blackness of field. As in the bright 
field microscope evact centering of the illuminator will be evidenced by an up and 
down movement of the image as the fine adjustment screw rai«es or lowers the 
objective in and out of focus. A lateral motion of the objects in the field indicates 
that the illuminator is not centered. 

Sources of failure in dark-field illumination: 

(a) Insufficient illumination 

(b) Condenser out of focus or decentered 

(c) Glass slide too thick 

(d) Failure to close iris diaphragm or to use funnel stop of correct N. A. 

(e) Preparation too dense 
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METHODS FOR HOUSING, FEEDING, INOCULATING, 
BLEEDING AND AUT0PS7ING ANIMALS, AND , 
DIAGNOSIS OF ANIMAL. DISEASES 

Principles. — -1. Suitable animals are indispensable for certain laboratory 
procedures, as follows: 

i (a) For .the detection of tubercle bacilli in sputum, urine and other materials; 
for the detection of tetanus and other anaerobic bacilli in wbund discharges; for 
the detection of glanders, anthrax, tularemia and other organisms in various dis- 
charges and materials: for the detection of Spirochaeta pallida in spinal fluid and 
various tissues; for securing a rapid growth of pneumococci for type differentiation 
in relation to the serum treatment of pneumonia; for testing the virulence of 
diphtheria bacilli in relation to the lifting of quarantine in diphtheria and for 
raising the virulence of some pathogenic organisms, notably streptococci and 
pneumococci. 

{h) For aiding the isolation of certain organisms, as tubercle and glanders 
bacilli, pneumococci, etc. 

(c) For the preparation of vaccines and the propagation of certain viruses that 
cannot be cultivated artificially, as in smallpox and rabies. 

(d) For preparing sera for diagnostic immunological reactions like complement- 
fixation agglutinins, precipitins and various hemolysins. > 

(e) For testing the curative activity of vaiious chemical agents like arsphenamine 
and other organic arsenicals employed in the treatment of syphilis and other 
diseases. 

(/) For the preparation of various immune sera employed in the prophylaxis 
and treatment of diphtheria, tetanus, meningococcus meningitis, gangrene, pneu- 
monia, etc. 

(g) For testing tire antibody strength of diphtheria, tetanus, pneumococcus and 
other immune sera. 

2. Animals should be healthy, selected with care, and provided with comfortable 
and clean housing as well as sufficient and appropriate food. 

3. Few of the methods of injection and bleeding produce any more pain than 
similar procedures in human beings, but all major operative procedures should be 
conducted under full anesthesia and all animals at all times should be handled 
and treated with the tender caie that their great service to humanity, as well as to 

1 the lower animals themselves, well merits. 
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Fig. 23.— A Cage tor Ktxmc Rats and Mice Sepaiiatei.t 
(From Kolmer, Chemotherapy, W. B. Saunders Co.) 


and arranged for sufficient light and ventilation. Various models are available from 
supply houses (Figs. 21 and 22) or may he built to meet special requirements. 

4. Special isolated quarters or cages should be provided for animals inoculated 
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with very infectious material and especially that known or suspected of containing 
B. anthracis, B. mallei ( Pjeifferella mallei), B. tularense ( Pasleurella tularensis) , 
rabies, hog cholera, fool and mouth disease, etc. 

5. Inoculated animals should he kept alone in cages to guard them from Being 
annoyed and even injured by normal animals (Fig. 23) . 

6. The animal quarters should he well lighted and ventilated. A uniform tem- 
perature during the entire day and night should he provided. 

IDENTIFICATION OF ANIMALS 

A dependable system of identification of the animals should be adopted. The 
practice bf cage labeling is suitable for stock animals kept in large groups, although 
in the interest of complete records each animal should be numbered and registered 
■with regard to sex, - description, etc. 

1. Tagging. — For rabbits and guinea-pigs a small aluminum tag may be 
used. It is held in place by small staples passed through the eyelets of the tag and 
then through the ear and the ends bent over (Fig. 24). 

For larger animals as horses, cows, pigs, etc., there are various 
types of tags which are supplied with special instruments for 
attaching. These can be obtained through veterinary supply- 
houses. 

2. Banding. — This method of identification is chiefly em- 
ployed for fowl. A band bearing the number is fastened around 
the leg. There are several types, commonly called “leg bands,” 
which can be purchased from poultry supply houses. 

3. Description. — If this method of identification is employed ^ ^ A 
alone, animals of different markings or color should always be ' Xacs 
selected if more than one is to be placed in a cage. Rubber stamp 

drawings of the mouse, rat, guinea-pig and rabbit may be purchased to facilitate 
these records. 

This method is usually used in conjunction with the tagging method to .insure 
proper identification should the tag be lost. 

Any deformities or peculiar markings should also be carefully noted. 

The sex should be recorded as a part of the description (male 5 and female $ ) . 

4-. Marking. — Small animals like mice and rats may be marked by coloring 
the hair and skin with dyes (saturated alcoholic solutions of fuchsin or picric acid) 
on the body or along the tail. Cages should be labeled. 

FEEDING OF ANIMALS i 

1. Mice. — Mice may receive stale bread soaked In ■water or skimmed milk. A 
small amount of cod liver oil may be added once a week (approximately one 
ounce for 300 mice) . Crushed barley or rolled oats or moistened middling may be 
offered at regular intervals. An excellent ration recommended by Keeler consists 
of rolled oats (240 parts), powdered skim milk (30 parts), cod liver oil (8 parts), 

1 K. F. Meyer, J. Lab. & Clin. M. 1932, 17:510. 




20 general laboratory methods 

and salt (one part). The formula for rat feed prepared by Maynard (Science 
71:192, 1930) is equally satisfactory. Greens in the form of lettuce or clover 
should be given occasionally. Drinking water must I>e always available. 

2. Rats.— One can either use the Maynard standard diet or prepare a ma-U 
which consists of tolled beans, wheat maize meal, cabbage, and cod liver oil. Reef 
or liver and fresh cabbage should l>e offered once a week. A mixture of boiled 
vegetables supplemented by oats, com, or white bread mixed with milk is equally 
satisfactory. Drinking water should always he available. 

3. Guinea-pigs and Rabbits. — Rolled oats or crushed barley, bran, nod a good 
quality of alfalfa or clover hoy represent the basic ration which must be supple- 
mented with green feed, either cabbage or carrots, and beets. From lime' to time, 
salt, fish meal, and boiled potatoes may be offered. If the food contains considerable 
moisture, no water need be supplied. Spontaneous scurvy is by no means uncommon 
among guinea-pigs maintained on a diet which lacks green stuffs. 

Aside from a careful selection of freshly prepared food mixtures, or wholesome 
vegetables and greens freed from tainted or rotten spots, it is important that a 
regular system of feeding be strictly adhered to. All animals should lie fed and 
cared for once a day, including Sunday. A double ration of food thrown into the 
cages on Saturday will not supply the required nourishment on Sunday. 

CLINICAL OBSERVATIONS OF INOCULATED ANIMALS 

1. Inspection once or preferably twice daily for general appearance should be 
given with a view to detect symptoms. Each animal should be observed in motion; 
the consumption of food and water and the appearance of the feces should be 
noted. Attention should also be paid to possible salivation, nasal and conjunctival 
discharges, and to the reactions at the site of inoculation. 


TABLE I 

Normal Temperature, Pulse, *m> Respiration os Exrnu mental Animals 


Animal 

Average Rectal Temperature ’C. and *F. 

Pulse Rate 

Reparation 
Per Minute 

Guinea-pig 

38.6“ C.; 39.4* C— 7.5 cm. from anus 

O0I.5' F. — 4 cm. from anus) 

(Minimum 37.B* C-, maximum 40.5* C.) j 

150 

100 150 

Babbit 

39.6* C. (102.4* F.) 

(Minimum 38/3* C., maximum 408* C. 

No tempetatute under 400* C. should be considered 1 
pathologic) 

1201 tO 

5060 

Rat 

37.9* C. (100 0* F.) 

- 

210 

Mouse 

37.4* C (99 2' F.) 

120 | 

- 


2, The u eight should be recorded before experiment and afterwards at weekly 
intervals or more often as the circumstances require. Each weighing should be done 
as nearly as possible under the same conditions as the first one. 
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3. The temperature should he taken in many cases before beginning the par- 
ticular experiment and subsequently on each successive day at the same hour. For 
the sake of convenient reference the normal average temperature is given in Table I 
in order to prevent the erroneous assumption that a pyrexia is present in an 
animal which shows merely its own normal temperature. 

4. A hematologic study is frequently indicated. The general principles are the 
same as customarily used in the diagnostic laboratory. The normal averages of the 
different blood cells are summarized on page 62. 

5. The bacteriologic, serologic, and autopsy examinations differ in no way from 
those generally employed. 

SELECTION OE ANIMALS FOE DIAGNOSTIC TESTS 

X. Staphylococcus Infections. — The pathogenicity of a staphylococcus should 
be studied on the rabbit or on Japanese white mice. Significant lesions may be 
observed following intravenous injections, while local reactions may be induced by 
scarification of the cornea. Toxic metabolic products may be tested by intravenous 
injection or by inlradermal application. 

2. Streptococcus Infections. — There is some difference of opinion as to which 
animal is most susceptible. If relative sizes of animals are considered, the rabbit is 
the most readily attacked. Various methods of infection are chosen in order to imi- 
tate the pathologic process from which the coccus has been isolated. Virulence tests 
are frequently made on mice. Great care should be exercised in the' interpretations 
of the bacteriologic findings on these animals since several workers have found 
that hemolytic and nonhemolytic streptococci have been isolated from supposedly 
“normal mice. 5 ’ Therefore, the supposed mutation of pneumococci and non- 
hemolytic varieties by intraperitoneal injections deserves further investigation. 
Latent infections due to hemolytic streptococci are quite common in guinea-pigs. 
They frequently invalidate the diagnostic experiments. 

3. Pneumococcus Infections. — The extreme susceptibility of the mouse to the 
pneumococcus is a commonplace of laboratory experience and forms the basis for 
the rapid isolation of the organism from bacterial mixtures, sputum, etc. Although 
the mouse may be killed by a smaller dose than the rabbit, it is generally recog- 
nized that the rabbit is more susceptible. In an emergency this animal can therefore 
be used for the typing of pneumococcus strains. Experimentation on guinea-pigs 
requires careful and critical interpretations since spontaneous pneumococcal infec- 
tions may be unusually common in the stock of certain breeders. 

<f. Influenza Bacilli. — It is well to remember that autolyzed influenza bacilli 
may set up spontaneous streptococcal or pneumococcal infection in guinea-pigs and 
mice. A general blood infection may be produced regularly when the sputum to be 
tested contains the symbiotic adjuvants, the cocci. 

5. Tuberculosis. — The detection of tubercle bacilli by animal inoculation offers 
several disadvantages. Not infiequently these animals suffer from chronic diseases, 
such as pseudotuberculosis or Salmonella infections which present gross anatomic 
lesions readily confused with those of tuberculosis. Spontaneous tuberculous infec- 
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Hons of the guinea-pig and rabbit have been reported by many workers and thus 
may greatly invalidate the significance of the test. In part, these disadvantages 
may be overcome by a judicious interpretation of the postmortem findings. It is a 
well-known fact that in susceptible animals the primary localization of the lesion 
always indicates the avenue of infection. If, for example, after subcutaneous in- 
oculation a tuberculosis of tbe tracheobronchial lymph nodes witli no disease in the 
inguinal nodes is found, one may conclude that the infection was acquired from 
extraneous sources. 

6. Plague. — B. pseudotuberculosis rodentium (Pfeiffer) occurs spontaneously 
in guinea-pigs and may thus interfere with the diagnosis of plague. 

7. Brucella Infections. — It is not generally appreciated that isolated cases of 
melitcnsis and abortus infections have been reported in animals. An extensive 
epizootic which was caused hy a melitensis type and affected -100 guinea-pigs has 
been reported by Zdrodowski. In view of the wide distribution of the Brucella 
organisms, it is imperative that in the future shipments of guinea-pigs from un- 
known breeders he scrutinized for Brucella infection. Agglutination tc«ts previous 
to the inoculation of the test material are exceedingly useful. 

8. Anaerobic Infections.— Those who u«c guinea-pigs or rabbits for the 
primary isolation of a pathogenic anaerobe should always remember tliat certain 
species may be found as common parasites in the intestinal canal or even in the 
organs of these animals. 

9. Paratyphoid Infections. — The fact that B. aertryckc orally administered 
to mice sets up a lethal septicemia, while D. paratyphosis D (Schotmullcr) usually 
does not, is sometimes used as a practical differential test of these two organisms. 
Unfortunately, its value is greatly reduced on account of the widespread occurrence 
of latent aertryckc infection in rodents. Experimentation with paratjpboid bacilli 
on mice requires sound judgment. The bacteriologic literature reports such bizarre 
findings as the transformation of a B. para-lyphosus into a B. cnteritidis or 
B. aerlrycke. 

10. Virus Infections. — The controversial literature on experimental enceph- 
alitis clearly shows that latent widespread parasitic infections may be responsible 
for misleading conclusions. Furthermore, the discovery of a new virus by Miller, 
Andrewes and Swift, in the course of an attempt to reproduce experimental 
rheumatic fever, furnishes another example of the many obstacles which may 
continue to render the animal test a diagnostic procedure having considerable 
complications. 

Many more observations could be cited. In particular, attention might he drawn 
to the deficiency of the hemolytic complement in the blood of certain races of 
guinea-pigs owing to the absence of the third component (Hyde). Suffice to 
emphasize that the bacteriologist who employs the animal as a test object or 
model in his diagnostic work should he in a position to defend his claims that 
1’ie lesions or findings are not those of a spontaneous disease but the result of the 
ciperiment. This aim can be met to a great extent if he employs only well-bred 
animals with a known hereditary history free from bacterial infections and parasitic 
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invasions, maintained and cared for by an experienced personnel, and kept on 
w ell*balanced diets in a sanitary and hygienical!}- controlled environment. 

DISEASES OP GUINEA-PIGS 

X. Pneumonia. — Tlie causative organism in most cases is a hemolytic strep- 
tococcus. Occasionally sporadic cases are due to infection -with the pneumococcus. 
The B. bronchisepticus ( Alcaligencs bronchisepticus) and Friedlander's bacillus 
( Encapsulates pneumoniae ) have been reported as producing pneumonia in these 
animals. The symptoms are loss of appetite, roughened coat, and rapid breathing. 

Autopsy findings are congestion with consolidation of lungs, which may be 
associated with pleural and pericardial exudates of a serous or fibrinous character. 

2. Abscesses. — Abscesses result from an infection of the lymph glands with 
hem of) lie streptococci. They often become very large and are usually encapsulated. 
The contents are a thick and creamy pus from which streptococci can be isolated. 

They may become enzootic or even cause epizootics among guinea-pigs. This 
condition is often called “epizootic lymphadenitis,'’ and the lymph nodes of the 
neck and axilla are most commonly infected. It is not usually fatal unless the 
abscesses become so large as to interfere with the function of important organs. 

After rupture and drainage the animal usually recoveis. It is advisable to incise, 
remove the pus, and allow good drainage. 

3. Paratyphoid. — -This disease is caused by bacteria belonging to the Sal- 
monella group. The organisms usually encountered are closely related to the 
B. aerlr) eke or the B. enteritidis. 

The symptoms are loss of appetite, roughened fur, emaciation and weakness. 
In acute cases death often occurs before symptoms are noted. Outbreaks among 
laboratoiy animals may cause considerable loss. The mortality varies from 40 to 70 
per cent. 

At autops), the spleen and liver show the most constant changes. The former is 
enlarged and soft, studded with small foci or large yellowish nodules and often 
coveted uith a plastic exudate. The liver shows small necrotic foci. The intestines 
are injected and show swollen Peyer’s patches. Pleurisy, pneumonia and purulent 
endometritis may be present. 

4. Pseudotuberculosis, — This disease is characterized by the formation of 
whitish nodules in the liver and spleen associated with enlarged lymph glands 
wlpch often become abscessed. The causative organism is tlie B. pseudotuberculosis 
(rodentium), which is a small, coccoid, gram-negative, nonmolile and distinctly 
bipolar organism. It will grow an ordinary" culture media under aerobic conditions. 

It is difficult to demonstrate in clnonic lesions. It can he definitely identified by an 
agglutination lest with specific serum. 

Thiee clinical types aie recognized: (a) septicemic type f death in one or two 
days): (b) emaciation and diarrhea (death in three to four weeks), and '(c) 
glandular type. 

The diagnosis is made by bacteriological examination and the characteristic 
lesions. 
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Control measures are not recommended, because of lack of knowledge concerning 
the epidemiology of the disease. 

5. Tuberculosis. — Natural infections of guinea-pigs with luljerclc bacilli ate 
not common. Normal guinea-pigs can readily contract the disease from tuberculous 
cage mates or even from animals in the same room. 

DISEASES OT DAB BITS 

1. Nasal Catarrh (Snuffles). — This condition may be caused by bacterial in. 
fection or by coccidia. When due to bacteria it is spoken of as “snu files” end when 
due to coccidia (Eimeria xtiedae) as “nasal coccidiosis” 

The organisms most commonly found are B. Icpiseplicus {Pastcurelln cumculi- 
cida) and B. bronchiseplicus (Alcaligenes bronchiseplicus). The latter when present 
is usually associated with the former. 

The diagnosis of nasal coccidiosis is made by finding the coccidia in the nasal 
secretions. 

The symptoms are sneezing, nasal discharge which is recognized hy welting of 
the hair around the nasal openings, or the presence of mucus and emaciation. 
Inflammation of tlie eyes is often present in ca«es due to coccidia. In the bacterial 
type tlie infection may extend to the lungs and cau«c pneumonia. 

2. Pneumonia. — -This is usually the result of extension of infection from the 
upper respiratory tract. The organisms usually found are the B. Icpiseplicus and 
the B. bronchisepticus ( Alcaligenes bronchiseplicus). 

3. Coccidiosis. — This disease is caused by coccidia ( Eimeria sliedae and 
Eimeria perforans), which are among the commonest parasites found in the rabbit. 
Although they are found in the intestinal contents of apparently normal rabbits, 
they are capable of invading tbe epithelium and causing a mild catarrhal to a 
severe type of enteritis (intestinal coccidiosis). 

They commonly invade the epithelium of the bile ducts, gallbladder and liver. 
Multiple small white nodules result from their invasion of the liver (hepatic 
coccidiosis) . 

The nasal form of the disca«e has been given above, under nasal catarrh of rabbits 
(snuffles) . 

The diagnosis Is made by finding the coccidia in association with enteritis or 
nodules. The organism is readily demonstrated hy placing the contents of a liver 
nodule, bile, or scrapings of intestinal mucosa on a slide and examining the 
unstained specimen. 

The oocysts appear as oval bodies from 15 to 25 micra in length. 

There is no treatment. Preventive measures should consist of frequent cleaning 
of cages, separating animals, avoiding grouping, raising floor with wire mesh so 
droppings can pass through, etc. 

4. Ear Mange. — This is caused by a mite Dermatocoptes (Psoroples) cunicult. 
The disease is characterized by the formation of thick crusts or deposits on tbe 
inside of the ear. 
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The diagnosis is made by examining scrapings from the ear, unstained, under 
low power, for the mite. 

Infected animals should be separated and treated locally. Remove the scabs and 
apply one of the following: 


Mexcuric chloride 1 part 

Glycerin 100 parts 

Ethyl alcohol (50 per cent) 200 pails 

or 

Oil of cutaway — 1 part 

Almond oil 30 parts 

Ethyl alcohol (90 per cent) .. . . 3 pails 


5. Giardiasis. — Giardia may be found quite commonly in the small intestines 
of labbits. Whether or not they are harmful is questionable. 

6. Parasitic Cysts. — Cjsts of the dog tapeworm (Taenia pisiformis) are com- 
monly found in the mesentery of the rabbit. They are spoken of as ‘‘bladder worms*’ 
and often occur in large numbers and occasionally in the liver. 

The general health of the animal is not affected. 

DISEASE OF MICE 

Mouse Typhoid (Paratyphoid). — This is the commonest infection and is due 
to bacilli of the Salmonella group, especially B. aertrycke and B. enteritidis. 
Spontaneous epizootics occur, causing considerable loss; the mortality is high, 
ranging from 34- to 95 per cent. 

Susceptibility varies in different breeds and strains of mice and is influenced by 
diet and environment. 

The diagnosis is established by isolating an organism belonging to the Salmonella 
group from the spleen or other organs. 

DISEASES OF EATS 

1. Lung Disease. — This is a respiratory infection prevalent among albino Tats. 
Young rats are not susceptible. The sjmptoms are loss of appetite, rhinitis, con- 
junctivitis and labored breathing; as the disease becomes chronic there is much 
depression. The mortality is high. 

At autopsy the lungs are always affected; unresolved pneumonias, catarrhal 
bronchitis with bronchiectases, abscesses and pleurisy are common findings. 

Various organisms of dissimilar groups have been isolated from these lesions, 
none of which ha\e been recognized as the cause. The etiology therefore is still 
undetermined. 

2. Paratyphoid. — This disease is due to members of the Salmonella group, 
particularly the B. enteritidis type. The symptoms in acute cases are diarrhea and 
bloody crusts around the eyes. 

The lesions found at autopsy are swollen spleen, multiple necrotic foci, enlarged 
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lymph glands and Peyer’s patches. Chronic cases may fail lo show any lesions. 

The organisms can be readily isolated from the spleen and liver. 

QENERAIi DIRECTIONS TOR TIIE INJECTION OF ANIMAiS 

1. Select an appropriate size syringe that does not leak upon being tested with 
water. Nothing is more unsatisfactory than a leaking syringe, for not only may the 
hand become soiled, but an unknown quantity of inoculum is lost. 

2. Remove the plunger from the barrel, and sterilize all the parts by boiling for 
at least several minutes. An all-glass syringe or a glass barrel and metal plunger 

are the mo«t satisfactory. The old-fashioned 
syringe with washers and rubber-lipped 
plunger should find no place in a labora- 
tory. 

3. After cooling, expel the water and 
load the syringe. This may be done by 
drawing the fluid directly into the syringe 
and measuring the dose by its markings 
or by pipeting the exact dose into a sterile Petri dish or capsule and drawing up in 
the syringe. 

4. The animal should be fastened or held firmly and in an easy position. 
Everything should be in readiness, so that the injections may be given thoroughly 
and carefully. Various holders have been described; those shown in Figures 25 
and 26 may be recommended. 

5. In preparing the inoculum, care should be exer- 
cised that no solid particles enter the syringe. Aside 
from possibly blocking the needle and interfering with 
the injection, the subcutaneous injection of small frag- 
ments may do no particular harm, but in intravenous 
inoculation they may cause fatal embolism. 

6. Air bubbles should be removed. The injection of 
small bubbles of air into subcutaneous ti«sues may 
cause no harm, but when injected into veins they may 
cause serious disturbances or immediate death. To 
avoid this, the syringe, after being filled, should be 
held vertically, with the needle uppermost. The needle 
should be wrapped in cotton soaked in alcohol and 
the piston of the syringe pressed upward until all the 
air is expelled from the barrel and the needle. If a drop of inoculum is forced 
out, it will be collected on the cotton, which should immediately be burned. 

7. Injections should be slowly given. 

8. When it is necessary to incise the skin in order to reach a vein, an anesthetic 
may be given. With superficial veins, and in subcutaneous inoculations, the injec- 
tions may be given so readily and easily that no more pain can be felt than that 
which accompanies similar injections in human beings. 
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9. When it is necessary to remove the hair from the area to he injected, a small 
area may be clipped as closely as possible, followed, if necessary, by shaving. In 
guinea-pigs the hair may be plucked out; or clip the hair and apply a paste 
of equal parts of barium sulphide and cornstarch mixed with water. Leave this 
on for three or four minutes, wash thoroughly with warm water and dry with a 
towel. This is a particularly good method when large areas of skin are to be 
prepared. As it may cause irritation, it is well to remove the hair a day in advance 
of injection. 

10. Before injection cleanse the skin with 70 per cent alcohol or wipe with 
1 :1000 mercurophen or other disinfectant. 

TECHNIC OF INTEACUTANEOUS INJECTION 

1. Select white animals or white areas if skin reactions are to be elicited as 
allergic reactions, diphtheria toxin reactions, etc. 

2. Use a 1 c.c. syringe with No. 26 needle. 

3. Prepare the skin. Pinch up a fold and insert the needle (lumen up) as 
superficially as possible. A raised, white, anemic spot showing the pits of hair 
follicles indicates a successful injection. Owing to thin skins of rabbits and guinea- 
pigs, the injection is by no means easy or simple and requires practice. The amount 
injected should not exceed 0.1 c.c. 

TECHNIC OF SUBCUTANEOUS INJECTION 

1. Injections are usually given in the median line of the abdominal wall or in 
the groin (Fig. 27). 

2. Have the animal held firmly by an assistant or firmly secured to the animal 
operating table. 

3. Clip the hair where injection is to be made — it is not always necessary to 
shave the area. Apply a 2 per cent iodine in alcohol solution. 

4. Pinch up a fold of skin between the forefinger and the thumb of the left 
hand; hold the syringe in the right hand, insert the needle into the ridge of skin 
between the finger and thumb, and push it steadily onward until the needle has 
been inserted about an inch. Care must be exercised not to enter the peritoneal 
cavity. Relax the grasp of the left hand and slowly inject the fluid. If the skin is 
raised, this shows that the injection is subcutaneous. If it is not, the needle should 
be slightly withdrawn and inserted. 

5. Withdraw the needle, and at the same time cover the puncture with a wad of 
cotton wet with alcohol. A touch of flexible collodion over the puncture completes 
the operation. 

6. If a solid inoculum is to he injected, raise a small fold of skin with a pair of 
forceps, and make a tiny incision through the skin with a pair of sharp-pointed 
scissors. 

7. Willi a probe, separate the skin from the underlying muscles to form a funnel- 
shaped pocket. 

8. By means of fine-pointed forceps or a glass lube syringe, introduce the 
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9. Close the wound with collodion and cotton. A single stitch with fine thread 
may be necessary. 

TECHNIC OF INTRAMUSCULAR INJECTION 

1. These injections arc usually made into the posterior muscles of the thigh or 
into the lateral thoracic or abdominal muscles. 

2. Clip away the hair over the selected area, cleanse, etc., as for subcutaneous 
injection. 

3. Steady the skin over the selected muscles with the slightly separated left 
forefinger and thumb. 

4. Thrust the needle of the syringe quickly into the muscular tissue and slowly 
inject the fluid. 

TECHNIC OF INTRAVENOUS INJECTION 

Rabbit.— 1. The posterior auricular vein along the outer margin of the ear is 
better adapted than a median vein for this purpose. 
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2. If a number, of injections are to be made, commence as near the tip ’of the - • 
ear as possible, as. the .vein may. become occluded with thrombi, and subsequent 
inoculations may, then be given nearer and nearer the root of the ear.- . . 

3. The animal should be held firmly, as Lhe slightest movenient.may.resiilt in 
piercing . the .vem through and through and require reinsertion of ,the needle. ..This 
is accomplished satisfactorily by placing the rabbit upon the edge of the table 
and holding' it firmly there by grasping the neck and front quarters, the assistant 
at the same lime compressing the root of. the. ear. with’ : the thumb and forefinger.". 

4. If the hair is long, clip it. - ' ' i , • • • ■ „• 

5. The ear is struck gently with Lite, fingers and crashed -with alcohol; and .xylol; 
the friction will render the vein more conspicuous. 



6- Tire ear is grasped, at its tip and. stretched toward, the operator, or the vein 
maybe steadied by rolling the ear gently over the left index finger and holding. it.' 

, between the finger and thumb. , ” '' ‘ . 

7. The inoculum should be free from solid particles and all the air excluded .. 

. from the syringe. As a general rule, the amount injected should be as small as 

possible, and the temperature of the inoculum be near that of the body. If the 
. syringe is filled shortly after sterilization, when it has cooled enough to be com- 
7 fortably hot to the touch, the heat will warm the injection fluid and not be hot : 
enough to cause coagulation. ■ y : ’" '■■■ 

8. Hold . the syringe as one would hold a pen, and thrust the point of the needle 

■ through the skin and the wall of the vein until it enters the lumen of the vein ‘ ' 
(Fig. 28 ). . . • . - 

The wooden box shown in Figure 29 is very convenient for. holding rabbits for • 

, intravenous injection or for bleeding from the ears. : . ’■* 
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9. Direct tlie assistant to Teleose the prc«surc at the root of the car, and sloicly 
inject the inoculum. If the fluid i« Iwing forced into the subcutaneous tissue, which 
will be evident at once by the swelling which occurs, the injection mu«t cca«e ami 
another attempt be made. 

10. The needle is quickly withdrawn, a small piece of cotton moistened with 
alcohol placed upon the puncture wound, and firm compression applied. 

Wash the ear thoroughly with alcohol and water to remove xylol, otherwise a 
low-grade inflammation will follow, which will render subsequent injections more 
difficult. 

Guinea-Pig. — 1. The large superficial vein lying on the dorsal and inner aspect 
of the hind leg of tlte guinea-pig is well adapted for intravenous injection. Occa- 



(From Kolmer, Infection, Immunity anil liiotopic Therapy, TV. It. Sounders Co.) 

sionally, however, the vessel may run anteriorly. To u«e the above described 
vessel for intravenous administration, a special operating board is required. The 
board is similar to an ordinary animal board, except that the end to which the hind 
legs of the animal are tied has a U-shaped piece cut from it. The board is mounted 
near the center on an extension shaft which is fitted with two joints, the one at the 
end to which the board is attached being a ball-and-sochct joint and the other an 
adjustable swivel joint. The shaft is screwed into a metal base which has sufficient 
weight to hold the board steady when placed in any position. A single operating 
board, however, may be used, as shown in Figure 30. 

2. The procedure for making the injection is ns follows: With the board properly 
placed in a horizontal position, the animal is tied to it securely, abdomen down- 
ward, by means of strings. The board is then placed in a vertical position and 
rotated on its vertical axis slightly so as to bring the dorsal aspect of the right 
hind leg into view. After clipping the hair from the leg and shaving it, the leg is 
lifted up slightly by the first or first and second fingers, and the vein dilated 
by suitable compression. The vessel can now usually be seen through the skin. A 
small incision, usually about one-fourth of an inch long, is made across the leg from 
the outer lower to the upper and inner aspect, but a trifle to the left of the vessel. 
Tli-' subcutaneous tissue is then pushed aside with fine-pointed forceps, thereby 
permitting the vessel to come into view. 
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3. The' vessel is then entered directly -or in the same manner, as has been 

described for . the rat — that is, by passing the needle of the tuberculin syringe 
through the fascia and muscles to the left of the vessel and then entering the 
vessel from the side. The vessel when dilated permits the ready entrance of a gauge 
No. 23 needle. However, the needle usually employed is a gauge No. 26, five- 
eighths of an inch in length. The needle is always introduced well into the lumen 
of the vein. If entrance into the vessel is direct, subsequent hemorrhage, may be 
controlled, -readily by pinching it with a small forceps. ; -■ , 

4. Injections may' be also given in one of the external jugular veins as follows: 



Fic. 30 . — Roth’s Method for Intravenous Injection of the Guinea-Pic 
(From Kolmcr, Chemotherapy , W. B. Saunders Co.) 

(а) A small roll is placed under the neck of the animal to render the operative 
area tenser and more easily accessible. 

(б) A few drops of ether may be given by an assistant, although one soon learns 

to expose the vein quickly and there is practically no pain after the skin has been 
incised. . 

(c) Assistant is directed to hold the head backward in the median line. 

- (d) Pick up the skin just above and in the middle of the space between the 
shoulder and the tip of the upper end of the sternum — just above and about in the 
center of the area where a clavicle in the human would be situated. With small 
|harp scissors incise the skin for about one-half inch. Separate the subcutaneous, 
tissue gently with forceps; a large vein at once comes into view. Gently dissect 
it free for about one-quarter inch. 

■ (e) Pick up the vein with a pair of fine forceps, insert the needle of the syringe 
gently in the long axis of the vein, and slowly inject the fluid (Fig. 31). ‘ 

■ (/) Withdraw the needle and apply firm pressure with a wad of clean gauze or 
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cotlon. It is not necessary to tie off the vein. A stitch may he inserted to close the 
skin wound and flexible collodion applied. 

White Mouse. — 1. The lateral veins of the tail of the white mouse have been 
found best suited for intravenous administration purposes. Tbe tail must be free 
from localized or generalized thickening of the epidermis so as to permit the ready 
entrance of a gauge No. 23 needle. The use of a rather long needle, 1 inch In length, 
is essential; it does not bend easily and therefore can be directed forward more 
readily than a smaller one. 



(From Kolmer, In/echon, Immunity and Biologic Therapy. W. B. Saunders Co.) 

2. A mou=e weighing between 15 and 20 grams practically always possesses a 
soft, pliable tail which can be used without any preparation. When a mouse weigh- 
ing over 20 grams is used, the lateral veins of the tail are usually covered with 
rather dense tissue, which precludes their use unless the tail is immersed for about a 
half minute in warm water (about 50 a C.). Tills procedure Loth softens the skin 
and dilates the underlying vessels so that the latter may be successfully used. 

3. For holding the mouse, a small tin mailing tube attached to an iron stand 





is; employed (Fig. 32). One end of tlie metal mailing: tube is fitted with a cork .. 
having: at the circumference a V-shaped opening, which will admit, the tail. The ' 
other end of die tube contains several small openings for the purpose of admitting - . 
air.> • '■■■«- . ‘ . •' ■' 

4. The mouse is grasped by the tail with the thumb and forefinger of the left 
hand (Fig. 33) and placed in the above-described metal mailing, lube,, and the cork 
is inserted so that the tail protrudes through the V-shaped opening.’ The tail is. notv 



, '• - Fig. 32— Roth’s Method -fob Intravenous' Injection 'of the’ Mouse" - 
' . ■ (From Kolmer, Chemotherapy, W. ,B. Saunders Co;) ; ' , 

straightened by gentle but. firm traction and without twisting. The. dorsal vein 
should then appear above, and each lateral to the left and right, respectively;/ , ■ . 

. 5. The syringe, usually a I c.c„ all-glass, tuberculin type, graduated to O.Oi c.c., , r 
is balanced between the first and middle fingers of the right hand, the hand resting 
on the little finger; the thumb is thus free to operate the piston of die syringe. 

With the syringe held nearly, parallel to the ; tail, the needle is pushed through • 

the shin over one of the lateral veins (usually the left) arid ; then anteriorly and 
downward into the vein. If an entrance into the vessel is not affected, either, raising 
or lowering the point of the needle while advancing it further, will usually succeed 
-in locating the lumen of the vessel. 

White Rat. — 1. The animal is tied securely by the legs, back downward, to a'r 
flat operating board, by means of strings long enough/to permit the hinddegs to be ' 
lifted easily. V < v/ 
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2. At the end of the board to which the head is tied arc two glass pegs about 
1 inch long set in at an angle in order to hold the siring which is looped over the 



(From Wadsworth, Standard Methods, Wavertjr Pre*«, Inc., Baltimore.) 

front legs of the animal. Nails in the other end of the board receive the strings 
which are looped to the hind legs (Fig. 34). 



Fic. 34. — Intravenous Injection or me WniTE Rat Employing the Femoral Vein 
(From Kolmer, Chemotherapy, W. B. Saunders Co.) 


3. After shaving the hair over the shin area covering the left saphenous vein, 
the left foot is grasped between the third and middle fingers of the left hand, and 
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an incision 'about one-fourth -to one-half of an inch long is made about one-fourth ‘ 
of an incli to the left of and parallel to the vein. The skin is then rolled over to 
the right with the' first finger of the left hand by drawing the skin on the hack of 
the leg to the left! This will bring the, vessel into view. An assistant then makes 
compression to , dilate the vessel. If a syringe is used, it is preferable, to employ 
a 1 c.c., all-glass tuberculin type, graduated to O.Olc.c.and. fitted with a gauge 
No. 26 needle, five-eighths of an inch in length.: The syringe is balanced between 
the first and middle fingers , of the right .hand, the hand resting on tire little finger ; 
the thumb is thus free to operate the piston of, the syringe. The needle is then : 



passed through the fascia and upper surfaces of the muscles, about one-eighth of 
an inch to the left of the vein and almost parallel to it. Advancing the needle 
slightly farther, the direction is changed so that the needle will enter the vein from 
the side^ After the injection is made, die skin which was pulled to the right tc 
permit the vessel to come into view, is released and this skin flap and the muscle; 
act as effective mechanical checks to hemorrhage, which is quite profuse, if th< 
needle is inserted directly into die vein. - 

4. If a buret is employed and the injection made, by gravity instead of b; 

. means, of a syringe, a flexible rubber tube is attached to the buret, while! the oth'e 
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end of the tube carries a glass lube which is drawn out and ground to fit a gauge 
No. 25 needle 1 inch long. The gla«s tube is handled in the same way as the syringe, 
and the vessel is entered in the same manner as described under the syringe method 
(Fig. 35). 



Fic. 36.— Itmwuious Injection or Rn Ewm.ovinc the Erromt Jccelah Via* 
(From Kolmer. Cftrm<uftrrop>, W. B. Saundtrs C«.t 


5. An external jugular vein may be u«cd instead and has tiie advantage of be- 
ing larger. 

The animal is tied to the operating board in the same manner ond a wad of 
cotton placed under the shoulder. The assistant 


holds the head backwards and to one side with 
a piece of cotton, rendering the tissues of the 
operative area tense and firm (Fig. 36). 

The skin is touched with alcohol and a small 
incision made just above and about in the cen- 
ter of the area where a clavicle in the human 
would be situated. The subcutaneous tissues are 
gently dissected and the vein exposed, which 
becomes very prominent with respiratory 
movements. It is well not to attempt entering 
the vein until it is thoroughly exposed, as 
otherwise one may infiltrate the tissues over 
and about the vein by failure to enter it prop- 
erly. As soon as the injection has been given 



Fic. 37.— Doc Ommvc Table 


the animal is quickly released and the wound 


requires no attention as infection practically never occurs and healing is rapid. 
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Dog, — 1 . Dogs may be injected through the external jugular or popliteal veins. 
The animal should be fastened to the operating table (Fig. 37). 

2. There is a small vein just beneath the skin in the median line, along the 
anterior surface of the leg, which is leadily accessible. Clip away the hair and 
disinfect with iodine and alcohol. Direct the assistant to grasp the thigh just above 
the knee to distend tire vein and prevent movement, and make a small incision 
directly in the median line. A small vein is seen at once. Dissect free or pick up 
gently with fine forceps and insert a small sharp needle. The injection can thus 
be readily given. Withdraw the needle, apply firm pressure, and insert a single 
stitch. Bind the wound with a few turns of a gauze bandage or seal wth collodion 
and cotton. , * 


TECHNIC OF INTRACARDIAL INJECTION 

1. Guinea-pigs may be injected by the intracardial route instead of intravenously. 
The technic is not, as a rule, moie difficult, and no ill effects are noticed. Not in- 
frequently, however, attemplsto inject in the heart fail, and frequent trials are not 
permissible on account of the' danger of injuring the organ. . 1 

2. The animal is tied to the operating board, or held firmly by an assistant; an 

anesthetic may be given. ' , ( ( 

3. Determine the point of maximum, pulsation to the left of the sternum by 
palpation, and quickly insert a thin, sharp needle at the selected area. A flow 
of blood indicates that the needle has entered the heart. Attach the previously filled 
syringe and slowly inject the contents. 

4. Detach the syringe in order to make sure that the injection was intracardial 
as intended, which is indicated by a flow of blood; then quickly withdraw the 
needle. The puncture wound may be sealed with collodion. 

TECHNIC OF INTRAPERITONEAL INJECTION 

Rabbit. — 1. Clip the hair and shave an area about 2 inches in diameter in the 
median abdominal line just below the umbilicus. Apply 2 per cent iodine in al- 
cohol. 

2. Direct an assistant to hold the animal firmly, head down. With the animal 
in this position the loops of intestine lend to sink toward the diaphragm, leaving 
an area above the bladder which is sometimes free of intestines (Fig. 38) . 

3. The syringe is grasped firmly and the needle inserted beneath the skin for 
a short distance in the direction of the head in the long axis of the animal, when 
the hand is raised and the needle forced forward through the peritoneum. When 
the peritoneum has been entered this is evidenced by a relaxation of the abdominal 
muscles. The needle is then withdrawn slightly and the injection made. 

Guinea-Pig. — 1. Direct an assistant to hold the animal firmly upon its back. 
This is better than fastening it to an operating table, for it permits relaxation of 
the abdominal wall when the injection is to be made. 

2. Pluck the hair in the median abdominal line. A small area may be shaved, 
although this is not necessary. Disinfect with an application of iodine in alcohol. 
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3. With the left forefinger and thumb pinch up the entire thickness of the ab- 
dominal parietes in a triangular fold, and slip the peritoneal surfaces over each 
other to ascertain that no coils of intestine are included. 

, 4. Grasp die syringe in the right hand and insert the needle into the fold near 
its base. 

5. Release the fold and inject the fluid. If a swelling forms, this shows that the 



FlC. 39. — I\Tft VPERITON EAL INJECTION Or At OUSE 
(From Wadsworth. Standard Methods Waverly Press, Inc.. Baltimore.) 


needle is in the subcutaneous tissues, and another attempt should he made to enter 
the peritoneum. 

6. It may be difficult to pinch up the parietes without including the intestine. 
In such case straighten out the animal and stretch the skin between the left fore- 
finger and thumb. Insert the needle obliquely until it is beneath the skin. A slight 
thrust suffices to pierce the peritoneum, when the abdominal muscles will he felt 
to relax. Withdraw' the needle slightly and inject the fluid. 

7. Seal the wound with a touch of collodion. 

Mouse. — The technic is practically the same (Fig. 39) . 

TECHNIC OF SUBDURAL INJECTION - 

Rabbit.' — 1. Use a No. 18 gage needle which has been cut off and sharpened 
to about three-sixteenths of an inch in length, and a 1 c.c. syringe. Sterilize by 
boiling and fill with inoculum. 

2. Shave or clip tire hair over the site of injection, which is located a few 
centimeters posterior to and on a line with the outer canthus of the eye. In this 
' region a small horizontal groove can be detected by feeling with the finger nail. 
The bone at this point is thin. 
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3. Place the needle in the groove and force it through the hone into the cranial 
cavity. 

4. Inject the material slowly. 

TECHNIO OF TESTICULAR INJECTION 

Rabbit.— 1. Sponge the scrotum with tincture of iodine. 

2. Fill sterile syringe with material to be inoculated Use a No. 22 gage needle 
about five-eighths of an inch in length. 

3. Insert the needle through the skin of the scrotum into the substance of the 
testicle. 

4. Inject the material. 

METHODS FOR OBTAINING BLOOD FROM ANIMALS 

Rabbit . — From the Ear J'eint. — 1. Flip an ear vigorously with the hand, nnJ 
rub with xylol and alcohol. The xylol produces marked congestion and afterwards 



Fic. 40 — Mmroo or BtEEntKc * Rabbit from - the Ear 
(From Knlmer, Injection, Immunity and Mologic Therapy, B. Saumfcr* Co.) 


should be carefully removed with alcohol and water, as it produces a low-grade 
inflammatory reaction. 

2. Puncture a marginal vein with a large needle. The blood will flow quickly 
in drops and practically any amount up to 10 c.c. or even more may be collected 
in a centrifuge or test tube (Fig. 40). For making preliminary tests of serum 
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iring immunization, 2 c.c. of blood are usually sufficient. Bleeding may be 
leeked by making firm pressure over the puncture. 

Another good method is to place the animal in the box shown in Figure 41. 
irning it up on end so that the animal’s head is down. This permits one to bleed 
le animal without assistance. 

From, the Heart. — 1. Tie the animal securely to a board and clip tire hair from 
n area of the chest about one and one-half inches in diameter. 

2. Determine the point of maximum pulsation and disinfect with tincture of 
odine. 

3. If 5 to 20 c.c. of blood are required, use a sterile syringe fitted with a No. 17 
o 19 gage needle. If more than 
20 c.c. are required or the animal 
is to be “bled out,” use a 200 c.c. 
bottle with a rubber stopper fitted 
with two pieces of glass tubing, 
one connected with rubber tubing 
for suction and the other con- 
nected by means of heavy-walled 
rubber tubing with the needle. 

Sterilize in an autoclave. 

4. Etherize lightly unless the 
worker is experienced, when ether 
may be omitted as it may cause 
more discomfort than the punc- 
ture. 

5. Enter the needle at the point 
of maximum pulsation, applying 
gentle suction. 

6. Approximately 20 c.c. of 
blood can be taken from a 2000 
gram rabbit at intervals of two or 
three weeks. 

From the Neck. — 1. Clip the 
hair from the neck and disinfect 
with 70 per cent alcohol or I per 
cent lysol solution; dry with a 
towel. 

2. While an assistant holds the animal head down, rapidly sever the neck on 
both sides with a razor or sharp scissors (avoiding the trachea and esophagus), 
and collect the blood by a funnel into centrifuge tubes or a dish. Or the following 
may be used: By means of a sterile knife the skin is cut longitudinally and the 
neck muscles exposed for a considerable distance. 

3. The animal is then held upright by the assistant over a sterile dish of a large 
sterile funnel, emptying into a cylinder or 50 e.c. centrifuge tube. 



Fic. 41.— Method of Bleedinc a Rabbit fiiom 
the Eat. 


(From Wadsworth, Standard Methods, Waverly 
Press, Inc., Baltimore.) 


VjfvfA 
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4. The operator stretches the neck liy carrying the head backward, and severs 
the large vessels on one or both sides of the neck with a sharp sterile scalpel or 
razor, avoiding opening the trachea and esophagus. 

5. After bleeding, the dish is covered or the tulx- plugged and set aside for 
the serum to separate. 

Guinea-Pig. — The animal is anesthetized with ether or stunned with a sharp 
blow and the large vessels of the neck on one side arc exposed by o longitudinal 
incision. These are severed, and the blood is col letted in a Petri dish or in a 
centrifuge tube by means of a funnel. Or by means of a sharp-pointed scissors 



Tic. 42 . — Method or Sect ri^c Blood from the Heart of a Cmr-APir. 
(From Kolmcr, Infection, Immunity antj Dialogic Therapy, W. B. Saunders Co.) 


the vessels on one or both sides of the noth may he incised transversely at otic 
cut, inserting the blade deeply and close to, but avoiding, the trachea and esophagus. 

Blood may be obtained by aspiration from the heart of the living animal. A 
syringe fitted with a No. 20 or 22 needle is employed. The animal is fastened to 
a board or held by an assistant and lightly anesthetized. The point of maximum 
pulsation is determined and the needle slowly entered into the right chambers of 
the heart. 

As a general rule, 5 to 15 c.c. of blood may be obtained by gentle suction, the 
amount depending upon the size of the animal. Large male animals (700 grams 
or more) are recommended and may be used every two to three weeks. After with- 
drawal of the needle the animal rapidly recovers, although occasionally bleeding 
may follow into the pericardial sac" (Fig. 42). 
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3. The operator-may straddle the animal to hold down the fore feet, although 
this is not necessary unless the animal is viciou*. 

4. The wool on the left side of the neck is clipped closely with scissors and 
alcohol applied. 

5. The operator then grasps the neck low down with the left hand, and by means 
of the thumb exerts pressure over the base of the neck. Tlic external jugular rein 
will be found in a groove between the omohyoid and slcrnomastoid muscles. Firm 
pressure over the base of the neck Usually distends the vein, which may be seen 
or easily felt. After locating the vein the pressure should be released for an 
instant, when the distention will disappear. In this way the operator may be more 
certain that he has located the vein. 

6. A sterile stout needle, at least 2 inches in length and provided with a trocar 
and special shank for firm grasping, is passed quickly into the distended vein in 
an upward and inward direction. It is essential that the needle be sharp, otherwise 
it will be turned aside by the wall of the vein. The end of the needle mu«t not 
have too long a Level, or the point will pierce the opposite wall before the body 
of the needle is well within the vein. The trocar is now removed, and blood collected 
in a flask or bottle and defibrinated with glass beads or rods. A short piece of 
rubber tubing may be attached to the needle. A suction apparatus is not needed 
because the flow of blood is good so long as pressure is preserved over the vein 
at the base of the neck. 

7. When the required amount of blood has been secured, pressure is released 
and the needle quickly withdrawn. Bleeding ceases at once, and the neck is then 
washed with alcohol. 

8. By this method the same vein may be used over and over again for several 
years. We have never known infection to occur, although the gradual formation of 
scar tissue about the site of puncture may interfere with the operation. 

Horse and Cow. — I. Clip the hair on the side of the neck over the jugular vein. 

2. Apply alcohol. 

3. Apply pressure with thumb until the vein becomes prominent. 

4. Insert a No. 16 to 18 gage needle first through the skin and then into the vein. 

5. After collecting blood, remove needle and wipe with alcohol. 

Hog. — 1. Cleanse the tip of the tail and wipe with alcohol. 

2. Lay the end of the tail on a block of wood and chop off about one-quarter 
to one-half inch with razor. 

3. Allow the blood to run into a sterile container. 

4. When required amount is obtained, tie a string around the tip of the tail to 
prevent further bleeding. 

Dog. — 1. Muzzle and lay on side. 

2. Clip hair and then shave the side of the neck over the jugular vein. 

3. Have the head extended and apply pressure over jugular vein until it becomes 
prominent. If the tissues around the vein are loose it is well to draw the tissues 
down at the same time the pressure is applied, thus rendering the vein immovable. 

4. Insert the needle through the skin and then into the vein. 
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sive amounts of vaginal or urethral pus, etc., should not be handled at all hut 
consigned to a disiniecting process. 

8. Chemical work involving the production of irritating and dangerous fumes 
should he alwa>s conducted under hoods with good exhausts and ventilation. 

9. Electric heaters and other electric apparatus should be frequently inspected 
and immediate!) repaired as a safeguard against short circuiting and fires. Bunsen 
burners should never he used around inflammable material. Ether, alcohol and the 
like should be carefully kept away from all possible contact. 

10. AH laboratory workers should be immunized against diphtheria if Schick- 
positive; also against typhoid and paratyphoid fevers. Cowpox vaccination is ad- 
visable every few years and after every contact with smallpox. Good general health 
should be maintained at all costs as an effective means for keeping natural im- 
munity and resistance at a high level. 

EMERGENCY TREATMENT OT ACCIDENTS 

Cuts and Needle Pricks. — 1. Remove all foreign matter, such as pieces of glass 
dirt, etc.; then apply 3.5 per cent tincture of iodine, taking care that the tincture 
reaches all crevices of the wound. 

2. If the cut is slight or does not bleed copiously, bandage, placing a small pad 
of gauze directly over the wound and bandaging tightly enough to stop the flow 
of blood. If a small cut does not stop bleeding from the pressure bandage alone, 
apply peroxide of hydrogen and bandage with a pad of gauze over the wound. 

3. If the cut is severe and bleeds copiously, apply a tourniquet to check the 
bleeding. If the cut is in an artery, indicated by the blood lieing o bright scarlet 
and flowing in an intermittent stream, the tourniquet is to be placed between the 
cut and the heart. If in a vein, shown by dark, purplish blood, the tourniquet should 
be placed between the capillaries and the wound. Under no conditions should a 
tourniquet be allowed to remain in place for more than two hours at a time. 

4. Needle pricks should be squeezed to promote bleeding, carefully washed with 
hot water and soap and treated with tincture of iodine or 1:500 metaphen or 
mercurophen solutions. 

Burns. — From Flames or Hot Objects . — 1. Dress with butesin picratc ointment, 
and, if serious or covering a large area, bandage over the dressing. Dressing should 
be completely changed at least once a day. 

2. Blisters forming from burns should l>e opened and drained by puncturing 
in at least two places near the edge and pressing out the liquid. The puncture may 
be made with a flame-sterilized needle or razor blade. When changing dressing, 
•any blisters present should be again drained. 

From Chemical Agents. — 1. Burns from strong acids, bromine, chlorine, phos- 
phorus or other material of acid character, are washed first with large quantities 
of water, then with 5 per cent sodium bicarbonate or 5 per cent ammonium livdrox- 
ide solution, dressed and bandaged as above. 

2. Burns from strong alkalis, sodium hydroxide, metallic sodium or potassium 
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' >as. -a'.’sdoLlimg agent. . ' •. ' . 7 v z 

. j'^:Stiaids;^Blisters. that have formed are to be drained as above: then tlie;hijxtry^is|^ 
- ; dre^e,d -add bandagedi using. suitable neutralizing, agents - .if’ due' tpj-acid-c|f'.di)Klidfe'{’ ; 

• materials;; as prescribed for burns. ' ■, ,y ...A.y'Y 

• Swallowing' Pf Mineral Acids. — 1. Wash oilt; the .month, Impiedla^^.iiritK ^ 
large, amounts ;bf water and alkaline solutions like decinbrihal sodiiun 'hydro:ade; ; f; 
■tnilkiQf magnesia; etc, ' . ■ . •'■ "■7..- 7 ■■ .- ,t •• .V;- 

•-• y.ih i?iye .'calcined magnesia, white magnesia, milk. of magiiesia, or dime-water 
■immediately, jiiixed in milk or any mucilaginous fluid that will act as a denitilcenti : ! t 
Rcpeaf the dose. at short intervals until it maybe Inferred the poison is. neutralized. '7' 

* .Dp not give carbonates as antidotes for mineral acids: Oleaginous and muciipginbus ; 
|i fluids should be given freely, even as vehicles for the antidotes; Int^W^Jcase.-.uf.^-' 

strong sulphuric acid, water, if given at all, should be -given in darge'/qUaiititieS, : 
l. on account, of the heat developed, Ice ihay-be given: to relieve thirst: atid painV -; 
Stomach -tube and emetics should not jbe.used. Or give a teaspoonful of ixhiv&tW/f . 
antidote in a smalt glass of warm water. This antidote is. made by mixingytti'O 
parts of pulverized charcoal, one part, of .magnesium oxideandOncpartobtanmcy- 
acid. It is well to keep a .supply on, hand. : 7 . *• 

Swaliowirig of, Caustic Alkalis.— l.' Waslr out die: mouth Inimediaiely^vitb::' 
/'large amounts of water and weak. acid solutions; :■ > ! V'’v7;7\7'7 

••>‘7 , 2; Administer a ■weak acid, such as 5 per cent acetic' acid,:,Viriegar, br ; Temdn. 
^j.ai s» i d «u~ t: -i U 


./j olive or cotton seed Oil,' or other, oils or fats to form soaps. •/•. , ■'} *>*£?' 

\Ji-< '-3/Assist vomiting by drafts, of tepid •‘water.,- ■ ' v'v '■[ f _ ■ 

'”y7 . Swallowibg of Phenol; aid phenolic. Compounds^l.b'Wash' oui ihe wphtby. 
;'7n immediately with dilute ; alcohol 7(30" to 40 -per ' cent) . .“ 

: ; j:7; r 2. . ; Give immediately 4 ounces 'of alcohol mixed with 4 ounces of water, br-’.on'e, 
?r’ : -half- pint; of whisky, apd; remove from stomach b'y> Use, of emetic, prbfmablyYof 7 
\.VmUstafd (tablespoonfid in enough water to make a* thin cfeamD-lf -stomacH ;tuf.he7 
,'/V“Jfs hsedyit must-be with great care,,. . \ . - ^ 1 ' 

Inhalation of Corrosive <5ases.—l. Remove patient fot fresh \-airy7apd;place;- 
7. 'prune, .face down, with. head. slightly' lower , thattr lhe . chest, so th‘at>'fspGnr$f7mS)r': 

; : dram from the. lungs. ^ 7 , . ; ' '• 
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2. Permit inhalation of vapors of acetic acid if ammonia is active agent, and 
of dilute ammonia if acid vapors are being treated. 

3. Inhalation of vapors of alcohol or ether soothes the respiratory tract. 

4. Toxic heculacltes due to the inhalation of vapors of various materials may 
be combated by removal to fresh air, administration of 5 to 10 grains of aspirin, 
and allowing the patient to rest for a time. 

5. For hydrogen sulphide fumes inhale ammonia from 5 per cent ammonium 
hydroxide, or inhale fresh air containing a small proportion of chlorine. Admin- 
ister milk., white of egg in water, olive or cotton seed oil, etc. 

Swallowing of Virulent Cultures. — 1. Accidental contaminations of the 
mouth with cultures of staphylococci, streptococci, pneumococci, etc., arc not dan- 
gerous although it is advisable to immediately rin«e well witli hot water and 
disinfectant like 1: 5000 melaphcn or mcrcurophen, 1 : 2000 bichloride of mercury, 
diluted hydrogen peroxide, etc. 

2. Virulent diphtheria cultures are much more dangerous. The above measures 
should be immediately employed. If Schick-negative, there is little or no danger 
of infection. If Schick-positivc, infection may follow unless a prophylactic injec- 
tion of 1000 units of antitoxin is taken. 

3. The swallowing of typhoid, cholera and dysentery cultures also carries some 
danger, especially in the case of freshly isolated cultures. The mouth should be 
immediately disinfected as described above. In the case of typhoid cultures, it 
may be advisable to undergo vaccination unless this had been done within two years. 

4. Great care is also required in working with B. abortus ( Micrococcus meliten • 
sis). In case of contamination immediate immunization with vaccine is recom- 
mended following the cleansing measures recommended above. Great care is aI«o 
required when working with Bad. tularense. 

Contamination with Syphilitic Material. — 1. In case of needle pricks or 
cuts while removing chancre or other syphilitic material for dark- field or other 
examinations, squeeze to promote bleeding; then wash carefully with hot water 
and plenty of soap. Dry and thoroughly apply 33 per cent ointment of calomel 
or metallic mercury or Is 1000 solution of bichloride of mercury (ointments pre- 
ferred). Renew the applications twice a day for at least three days. 

2. Contamination of the hands with the blood of syphilitic patients while taking 
blood for the Wassermann test, giving injections, etc., is rarely dangerous and not 
at ail unless tliere are needle pricks, cuts or abrasions. Wc have never seen or 
heard of accidental infection in this way. In case of contamination of cuts and 
pricks with blood, it is advisable, however, to use the measures described above. 

3. We have never heard of or seen syphilitic infection following accidental 
contamination of the mouth with syphilitic serum or cerebrospinal fluid while 
conducting the Wassermann and oilier tests. The manipulations involved in the 
preparation of serum and especially heating at 55° C. for ten minutes or longer, 
are almost sure to kill the spirochetes, even if they were present, as Spirochoeta 
pallida is very susceptible to heat. 

Spinal fluids, however, especially' from paretics, are potentially more dangerous, 
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SECTION II 

CLINICAL PATHOLOGICAL METHODS 


CHAPTER IV 

METHODS FOR THE EXAMINATION OF THE BLOOD 

APPARATUS POP. BLOOD EXAMINATIONS 
Principles. — Next to urine examinations it is probable dial rrd ami white cor- 
puscle counts with hemoglobin estimations and differential leukocyte counts are 
the most frequently conducted laboratory examinations in clinical pathology. 
Yet a comparison of the counts on the same patient at the same lime by different 
workers is apt to show widely different results due to inaccuracies in technic anil 



Fic. 44.—' Thoma Diumie Pipets Fic. 45.— Tbenner Automatic Pipcts 


apparatus. Cheap diluting pipets, counting chamlwrs and cover glasses are re- 
sponsible for a great deal of error and only the better grades arc recommended, 
preferably with the United States Bureau of Standards certification. Pipets with 
broken tips are especially likely to be inaccurate. It is recommended dial only the 
best apparatus be employed with scrupulous attention to technical details. 

1. Thoma, (Pig. 4-1) or Trenner (Fig. '15) diluting pipets are recommended for 
red and white corpuscle counting, the latter particularly for inexperienced workers 
if difficulty is experienced in stopping the flow of blood exactly at the 0.5 mark 
on the capillary stem. 

2. All pipets should be guaranteed to be within the tolerance for accuracy 
established by the United States Bureau of Standards of ± 3 per cent for the 
principal interval. Pipets with the Bureau of Standards certification are recom- 
mended, although probably too expensive for routine work. It is advisable, how- 
ever, for every laboratory to have at least one certified red corpuscle and leukocyte 
pipet with which new pipets may be compared before the latter are nrcepted for 
work. 

3. While many different counting chambers are in use, the Levy with the im- 
proved Neubauer ruling (Fig. 46) is recommended; also the Levy-Hnusser with 
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5. Wash off the side of the lost phalanx or the end of the middle finger with 
alcohol and thoroughly dry. Vo not pricl a wet finger. 

C. Squeeze to steady the part and lessen the pain sense while making a quick 
prick (Fig. 51). 

rfimMu-n „» 7. If the tip of the finger is used, lance across 

Fig. 49. — Simple Blood roll,cr <>»»“ P» r “ ,lel " ilh ll “ linM oI lhc *V"' 

La.vcct 2. Do not squeeze too hard near the prick as this 

will dilute the blood with tissue “juice” and lead to 
error. The prick should be deep enough to give n free 
flow with gentle squeezing one-fourth to one-half inch 
from llic site. 

9. Wipe away the first drop nr two of Mood, 

10, It is advisable to take blood first for lire hemo- 
globin estimation followed by the red and white corpuscle pipets and tire prepara- 
tion of smears for differential leukocyte counts. 

11. Well up a good-sized drop of blood for each preparation and especially for 




Tic. St.— Pricking Sine of Tivcct with IIaceborn Needle 

(From Ba«s and Johns, Practical Clinical Laboratory Diagnosis, Wa'crly Pro**, Inc., Bal- 
timore.) 




Fic. SO. — Sfiunc Blood 
Lancet 


the Ieukocjte pipet, which requires much more than the red corpu«clc pipet. See 
Figure 52. 

12. Be sure to fill each pipet accurately with the proper diluting fluid imme- 
diately after taking blood (Fig. 53). 

13. Immediately after filling a pipet with diluent, shake it for thorough mixin" 
(Fig. 54). 

14. Jf the pipets are to be carried any considerable distance to the laboratory. 









: 1 i 

Ki 1 T~ 












&\vj | V ‘I?S^ A’pj' 53,-irfui 


''•paPTOP^i 



y-.Y? ;;.5§ 


if - K ,, ^ 

• '(From. Bass- ana • )otn “' • • ■.;--:/ /> '. '.-JV.fr .’&-.* ; < > >?*» -!; i.VW *&.%» 



G CLINICAL PATHOLOGICAL METHODS 

stretch a rubber band over the ends (Fig. 55) or one of the special devices (Figs, 

56 and 57) to prevent the contents from escaping. 

15. Prepare two or more smears on perfectly clean grease-free and polished 
slides. 1 Touch the end of a slide to a large drop of blood as shown in Figure 58; 
then spread the drop with a second slide as shown in Figure 59. As soon as the 
blood has spread entirely across the end 
of the spreader slide (held at an angle of 
about 45 degrees) with a rather quick 
movement, push (do not pull) the 
spreader toward the other end of the 
under slide (Tig. CO). If made too slowly 
the spread will be too thin. Allow’ the 
blood to dry. 

16. Dlood smears may aI«o l*e made 
on covcrglasscs (Fig. 61). They should 
be perfectly dean and free of grea«c. 
Take up a small drop of blood on one 
without touching the surface of the skin 
and place it on the second in such man- 
ner that the corners do not overlap. As 
soon ns the blood spreads out between the 
glasses draw them apart in a plane parallel to their surface. Dry in the air. This 
method is preferred b) many clinical pathologies. 

17. A combination of the side and coverglass methods is that of Bcacom in 
which smears are prepared ns follows: a small drop of blood is placed near the 
end of a clean slide and a coverglass is dropped on; if the blood docs .not flow 



Fic. 55.— Piper Scaled with a Broad 
Rubber Band 


(From Bass and Johns Practical Clinical 
Laboratory Diagnosis, Waverly l*rcss, Inc., 
Baltimore.) 



Fic. 56. — The Trenner Closure 





a 



Fie. 57. — The Drummond Pirrr Holder 


out properly, very gentle pressure may be used. The slide is then held on a 
table with the left hand, and the first two fingers of the right are placed near the 
edges close to the left end of the cpvergla«s. Then with an even, fairly rapid 
pull it is slid along the slide in the direction of its long avis with only enough 
pressure to keep the fingers from slipping from the spreader. This leaves a smooth, 
even smear on the slide for evamination. 

i Place slides in glacial acetic acid for fifteen minutes: wash in distilled water: place in 
95 pcr cent alcohol for five minutes; dry with clean towel; pa-s through Bunsen flame before 
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Fic. 60.— Pnora Ancle for Uoldim: Slides 

(From Bass and Johns, Practical Clinical Laboratory Diagnosis, Waverly Press, Inc- Bal- 
timore ) 



method or using oxalated blood fob hematological 

EXAMINATIONS 

According to Osgood, Haskins and others, oxalated blood may be used for the 
following examinations if the latter arc made within the designated hours after 
collection : 


Hours 


Hemoglobin estimation 21 

Red cell count 21 

Platelet count 3 

Red cell volume '21 

Color index 21 

Volume index 3 

Saturation index 3 

Icterus index 4 

Van den Bergh test 4 

White cell count 24 

Making the smear for different count 1 

Peroxidase test 3 

Fragility test 3 

Sedimentation rate 1 


1. Prepare a month’s supply of test tubes containing 2 milligrams of dr) 
potassium oxalate per c.c. of blood to be taken, by measuring into each, with i 
buret, 0.1 c.c. of 2 per cent potassium oxalate per c.c. of blood to l»e taken am: 
evaporating to dryness in a dry sterilizer. Keep corked. (For small laboratories 
1 drop of saturated potassium oxalate is sufficient for 5 c.c. of blood and has t 
negligible dilution effect.) 

2. Draw blood from vein by usual technic, but tourniquet should be releasee 
if more than two minutes are required for securing sufficient blood. 

3. Remove needle from syringe before running blood into oxalate as hemolysis 
will result if blood is forced through the needle. 
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4 , Stopper test tube (never use cotton) and shake at once by holding test tube 
hdrizontally in left hand an(l tapping other end with right hand, . . 



■ ' ■' I 

"■mm 

. V< 
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\ Fic.-61. — The Preparation or Brood Films by the Cover Glass Method (Haden) . ■ 

; A, the 'cover glass (% inch square. No. 2) is grasped at the adjacent corners with the thumb 
and forefinger of each hand; B, the drop of blood is touched. with the cover glass held in the 
right hand; C, the cover glass carrying the drop of hlood is quickly placed parallel on . the 
cover glass held in the left hand ; D, the cover glasses are then drawn apart with a sliding 
motion; care being taken to keep them parallel. The films are allowed to dry in the air and 
are then ready for staining. The drop of hlood must be. globoid on the finger tip and just 
large enough - to cover the cover glass when properly spread. „ ' v , • . 

-5' ' The blood must be thoroughly mixed in this manner immediately before 
samples are withdrawn for any test. ' ■' ' 

6. Samples should be taken directly from the test tube— not from blood poured 
out on a slide or watch glass. / . ■ 
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7. The tube must be kept stoppered at nil times when not !n use. 

8. The time limits given above should be observed if the mo«t nccurate result* 
are desired, although as a rule a slightly longer time will not introduce clinical 
error. 

The advantages of this method arc that if during the study of the blood further 
hematological work is deemed desirable, it ma) Ire done on the same sample. 
Repeated estimations arc possible for checking results. If an unusual or interesting 
blood picture is encountered, as many slides as are desirable can be made for 
future reference or for teaching purposes without again disturbing the patient. 

NORMAL VALUES AND RANGES 

With the desire to aid those who u«c hlood tests clinically, many of the average 
or mean normals have been purposely omitted and a range of normality substituted. 
The figures selected for the ranges arc representative of the researches of recent 
years. In some instances the ranges have been expanded slight!) at both ends so 
that round numbers could be used. The span is great enough to include about 95£e 
of normal individuals and yet narrow enough to avoid inclusion of any which 
might he considered definitely abnormal. . 


TABLE 1 


Normal Ranges for Hematology 



Stcn 



Erythrocyte count (mflffonx per c.c.J. 

Hemoglobin (jim. per 100 c.c.). . .. 

Packed cells (c.c. per 100 c.c. of blood) 

Volume index* 

Mean corpuscular volume (cubic microns) 

Color index* 

Mean corp. hemoglobin (microniicrogruuw) 

Saturation Index 

Mean corp. hemoglobin cone. (gm. per 100 c.c. cells) 
Diameter of erythrocytes (microns) 

Sedimentation rate (mm. in 1 hr.)f— 

Reticulocytes (per cent) 

Platelets (thousands per c.mm.) . . 

Leukocytes (thousands per c. mm.) . . 

4.S to 6.0 

13 to 20 

36 to 52 
0.1)0 to 1.00 
DO to 100 
0.00 to 1.00 
27 to 32 

0 9 to 1.2 

33 to 30 

5 to 10 

0 to 8 

0.1 to 1.5 
200 to S00 

5 to 10 

1.0 to S.5 

11 to in 

33 to 16 
0.B0 to 1.00 
80 to 100 
0.80 to 1.00 
27 to 32 

0.9 to 1.2 

33 to 38 

5 to 10 

0 to 10 

0.1 to 1.S 
200 to 500 

5 to 10 

4.2 to 5.8 

10 to It 

31 toll 
0.62 to 0.B2 
62 to 82 
0.6! to 0.82 
20.4 to 27.6 
0.9 to 1.2 


t The mono given oppt.es to nearly oil methods oltW.gl. some have reported lower figures 

Vine rangrs tor children are calculated from figure* obtained b, O,good Bn J Dalrr. Am J. Pit. Child . 1931 


’ Since ,lie ranges vary according to age, sex, location, etc., and methods employed 
it is recommended that each laboratory whenever possible establish its own ranges 
At the same time the mean values should be determined for use in calculating^, 
volume and color index. 

. Wherever possible the actual amount or number is given in the place of i 
percentage of a certain number or standard. 










1 Compiled by A. II. Crei^ Ci Jr., V.M.D., Sclioo! of Veterinary Medicine, t'niveryty of Pennsjlvania. 



METHODS FOR THE EXAMINATION OF THE BLOOD 


63 


For convenience as a ready reference the normals for most of the commonly used 
blood tests are given on page 60 and a chart (Fig. 62) for aid in the classifica- 
tion of the anemias. 

As various blood examinations are sometimes required in the course of medical 
research employing laboratory animals and since veteiinarians are emplojing hlood 
counts with increasing frequency in the diagnosis of disease of the lower animal, a 
table of normals for domestic and laboiatory animals is given 
on page 62. 

METHODS FOE CLEANING BLOOD APPARATUS 



Fig. 63.— Multi- 
ple Aspirat- 
ing Nozzle 


1. Pipels 'and counting chambers should be cleaned imme- 
diately or soon after using. 

2. Draw water thiough pipets until all traces of blood and 


serum are removed. 


3. Without drying, draw through alcohol or acetone. 

4. Draw through ether (may be omitted if acetone is used) . 

5. Draw air through until the pipet is dry (if properly diied the bead in the 
bulb should be freely movable) . 

6. If blood has dried in the stem 
of a pipet. remove it with horsehair 
or fine stiff wire and fill pipet with 
antiformin. nitric acid or bichromate- 
sulphuric acid cleaning fluid and al- 
low to stand overnight: then clean 
thoroughly as described. 

7. The multiple aspirating nozzle 
for attachment to a pump (Fig. 63) 
or the Haden cleansing apparatus 
(Fig. 64) are very convenient and 
time-saving for the simultaneous 
cleaning of one to four pipets. 

3. The ruled area, the surface of 
the slide and the cover glass of the 
counting chamber should be cleaned 
immediately after use with water and 
dried with a soft lint-free cloth. If 
this is not done the lines will become 
partly obliterated with debris. If di- Fig. 64-.— IIaden Cleansing Apparatus 
luted blood has been allowed to re- 
main on the slide or the ruling becomes indistinct, it may be necessary to immerse 
the slide In decinormal sodium hydroxide or in one of the solutions mentioned 
above for cleaning pipets. The Levy-Hausser chamber can also be washed with 
alcohol and ether without damage. > 
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METHODS FOE THE ESTIMATION OF IIEMOOLOBIN 

Principles. — 1. None of the methods in common use can he recommended fro: 
the standpoint of absolute accuracy. Owing to n variety of methods and standan 
the estimation of hemoglobin in per cent is often of the least value in the routii 
blood examination. Widely varying results may he reported therefore on the «i? 
individual examined in different laboratories. But much of this inaccuracy an 
misunderstanding could be overcome by expressing the results as grams of hem 
globin per 100 c.c. of blood. 

2. It is not possible as yet to recommend any simple method of routine woi 
as a standard. 

3. The most accurate methods available at present arc that of Van Slyke fi 
determining the oxygen capacity of the blood and that of Wong for dclcrminir 
the iron content. These, however, arc not sufficiently simple for routine work b 
arc valuable for checking the accuracy of clinical methods. 

4. It is recommended that reports show hemoglobin in grams per 100 ex. • 
blood instead of in per cent. If 16.6 grams per 100 c.c. is acceptable ns cquivale: 
to 100 per cent, to convert grams into per cent multiply the reading by 6, whi< 
gives a satisfactory percentage for clinical purposes. 

5. Since the normal hemoglobin differs with age, sex, altitude and time of da 
any range of normality will be somewhat flexible. The normal ranges given in t) 
following table arc recommended for clinical purposes: 

TABLE UI 


Normal Kances or Hemoglobin in Crams According to Ace ani> Sex 



Male 

Female 

Age 

Minimum 

Maximum 

Minimum 

Maximum 

1 13 day* 





0.5-2 months 

11 

26 








6-11 monihs . . 

8 

16 




9 

It 



4 15 years 

10 

11 



15 r ™ 

13 

20 

" 

18 


Sahli’s Method — 1. Fill the graduated tube of Sahli’s hemomeler with de 
normal solution of hydrochloric acid to the mark 10 (Fig. 65). 

2. After cleansing finger tip or lobe of ear with alcohol, make a puncture wi 
lancet and gently compress (the blood should /lore freely) ; wipe off first dro 
then fill pipet to the mark 20 with blood. 

3. Immediately place the blood in the graduated tube containing the hvdr 
chloric acid solution. Remove the last trace of blood by drawing the solution i 
in the pipet and expelling several times. 

4. Dilute the mixture in the graduated lube with water until it has the sac 
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tint and intensity of color as the standard tube. This is best done by adding a few 
drops at a time and comparing after eacli addition. 

5. When both tubes are of the same color, note the figuies on the tube at the 
bottom of the meniscus . 

6. The newer tubes show both per cent and stains of hemoglobin per 100 cc 
of blood. 

7. Accurate results demand that the inside diameters of the graduated tube 
and the lube containing the standard solution shall 
be the same and that the pipe! and graduated tube 
be accurately marked. These specifications can be 
met without unreasonable extra expense. Of even 
more importance is the correct color of the stand- 
ard solution. The tinted tubes now available are 
usually accurate to within 5 to 10 per cent and 

( may be used either by day or night. The Hellige 
hemometer (Fig. 66 ) is highly recommended for 
use in this method. ' 

r 8 . A new standard color tube should be 
checked by the Van Slyke or Wong methods he- 
's fore being used. If there is more than 10 per 
2 ‘ cent error it should be discarded. Otherwise 
‘die error can be adjusted by adding or subtracting from the readings obtained. 
Hades’s Method. — This employs the new Iladen-Hausser hemogiobinomeler 
(Fig. 67) in which hemoglobin is al«o converted into acid hematin and the Color 
compared with a permanent color scale of tinted glass. 

1. Draw blood to the mark 0.5 of a leukocyte pipet and decinormal hydrochloric 
acid to 11 (gives a 1:20 dilution). If the hemoglobin is below 50. draw blood to 

1 1 and the acid to 11 (gives a 1: 10 dilution). 

2. Shake well and allow to stand for thirty minutes. 

3. Blow out several drops and allow the blood to run into the channel of the 
slide at the end of the cover glass. The channel Fills by capillarity. A thin uniform 
film will also extend by capillarity from the dilution channel and cover the 
comparator slide above the color standard. This insures a light transmitting surface 
common to both dilution channel and standard. 

“1. A color-matching reading is now made according to directions accompanying 
efthc instrument and the results expressed in grams of hemoglobin per 100 c.c. 
t of blood. 

Osgood-Easkins Method.— 1. Place exactly 1 c.c. of well-mixed oxalated 

re' venous blood in a 100 c.c. volumetric fla=k. 
v 2. Add 40 c.c. of distilled water and allow to lake. 

ri 3 . Add 50 c.c. of a fifth normal solution of hydiochloric acid; mix well 
-(and make up to 100 c.c. 

4 . Heat a portion of this mixture in a test tube at 55 to 60 G. for seven 
:£ minutes or longer. 

i > t 



Fie. 65 . — Sahli Hlmometeh 
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5. Place some of the standard solution in a colorimeter cup and set it at 15 mat, 
and compare the unknown with the standard: 

Stand mid Solution 


Ferric sulphate 32 pm. 

Chromic sulphate 80 mg. 


Water (distilled) to make 100 c.c. 


This standard should he checked with a previously prepared correct standard. 
This can be purchased from cither Hyn«on, Wrsirott and Dunning, Raltimotr 
Maryland, or the Shaw Supply Co., Portland, Oregon. 

6. Make three or four readings and take the average. Take the temperatun 



Fic. 66. — Hellice-Wjvtjiobe JlitvoMrjn 


of the standard. Reference must now be made to a table which is furnish** 
with the standard from which the percentage of hemoglobin is read direcll) 
for various colorimetric readings, and for different temperatures of the stand 
ard. A reading of 100 per cent represents 13.8 gins, per 100 c.c. when the 
standard is set at IS mm. with a temperature of 15.5° C. and the unknown 
is read at 10.5 mm. 

Osgood recommends that the first normal Llood that is examined each *ed 
be kept as an acid hematin standard in a brown bottle, with the umpciaWK 
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of the standard as originally read marked on Jen , 

be used as the standard for all sabsequont ,leternnnat.o..s ..Iran ^ 

^'photoelectric call Method (Sanford, Sheard and Ostortcr K ).=' -1. Diln'e 

Photo-electric c 0 J cent solution- of sodium' carbonate, .thus a- 

0.1 c.c of blood m 2U c. . p . . porivenientlv and most <v 

making a 1:200 solution of oxyhemoglobin. Tins is most conveniently ^ , ; , 



p IC 67 .— Haden^Hausser Hemoclobinometer; • . 

A, Movable orrlvv: H, oU»n« «1 C &-VA lleadiip^oiiHlper * Wedlg 

shaped channel; F, Shutter. ,r Vi 

accurately done, by- making the dilutions from a , sample of i blood immediately 

2. The phonometer has a green glass filter in front of the pholronio type of 
Dh oto.electric 'cell. This filter .transmits -light in | inaxim^l .intensity, ak ^t,, 
portion of the spectrum where tlie maximal absorption . occurs in one ,ot the. 
oxyhemoglobin bands. The light (inUnslty. trough - a- standard specboscopic^cell, 
which is "filled with 0.1 per cent, sodium carbonate, is -first; adjustea^vith',an;Jr^. 
•diaphragm so that the reading on .the .meter is 100. ; •'., . 

i The specimen of diluted blood is . placed m a similar spectroscopic cell, is 
then moved into the path of light in. the] carrierpahd the reading. is made on 

- 4 This i 0W er reading] really represents the decrease, m current from, the pho- 
tronic cell which is the result of the light absorption of oxyhemoglobin in the 
meen portion of the spectrum. This reading is translated directly, into a value 
■ ■ f6r grams of hemoglobin per 100 c.c;/:of blood by referring -to a chart .which 
' is prepared individually for each instrumenl- by tlie mamifacturer,. based on 

. oxygen-capacity determinations. ^ ‘?:< : 

V-- ^ lis pliotelomeler has proved . very;, satisfactory, especially m laboratories 
hi which a - large number of - routine determihhtions .are," made.. ; Its^Onljr.(disa<i- 
vantage is -in the cost ->vhich ; is Vomewhaf • more.-.than:. a;'fedipriineter;;'.Hdweyer. 
„ A H Sanford. C. Sheard, and A. E; Osterberg,' Am. J. Clin. Path., ,1933,; 3:405. i ; 
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tlie instrument may be u«cd ns a colorimeter or a ncpbelomcter; in fact there 
arc many uses for it other than as a hemoplobinometer. The method is rapid and 
accurate. There is no attempt to match colors; therefore, subjective errors are 
avoided. 

METHOD FOR CODHTIHO ERYTHROCYTES 
Principles.— Blood is diluted exactly 1 :200 with a special pipet, using an 
isotonic diluting fluid for the preservation of the corpuscles. The diluted blood 



is then placed in a special counting chamber and the cells in 0.00025 C.mm. 
are counted. Tills figure is then multiplied by 4000 and then by 200 (the dilution 
factor) to obtain the number of erythrocytes in 1 c.mm. of undiluted blood. 
This procedure constitutes the method used to report the results of the erythrocyte 
count. 

leukocytes are likewise present and may he distinguished from erythrocytes, 
hut as a general rule they are included in the count; the number present, how- 
ever, is ordinarily so small that the inaccuracy is of little or no importance. 

A patftofogicaf decrease is coffecf oCtgocyt hernia or anemia; an increase is 
called polycythemia. 

Procedure. — 1. Draw blood up exactly to the 0.5 mark of the Thoma pipet 
marked 101. If the Trenner automatic pipet is used, draw blood by suction until 
the stem is nearly ‘full and then discontinue suction and allow the blood to 
automatically reach tiie extremity. 

2. Immediately draw up diluting fluid to the mark 101, thus making a dilution 
of 1:200 in either pipet, while rotating the pipet between the thumb and fore- 
finger. Use 0.85 per cent saline solution or either ol the following (Hayem’s 
preferred) : 
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Hayem’s Diluting Fluid 


Water (distilled) 

.. 200.0 c.c. 

Sodium chloride c. p 

1.0 gm. 

Sodium sulphate (cry«tals) 

5.0 gm. 

Mercuric chloride 

0.5 gm. 

Toisson’s Diluting Fluid 

Neutral glycerin 

30.0 c.c. 

Water (distilled) 

160.0 c.c. 

Sodium sulphate (crystals) 

8.0 gm. 

Sodium chloride c. p 

1.0 gm. 

Methyl violet . . . ■ 

0.025 gm. 


3. The diluting fluid (Should he crystal clear and ^filtered if necessary to be 
free of artefacts. 

4. The ruled area of the Levy-Hausser counting chamber and the cover glass 
must be carefully cleaned and absolutely free from dust or lint. 

5. Place the cover glass in position over the ruled area, using gentle pressure 
to insure accurate adjustment. The Levy-Hausser chamber is provided with a pair 
of clips to prevent any movement during the count. While continuing pressure 
on the cover glass, slide the centrally placed clip into position simultaneously. 

6. Close the tip by means of the thumb. Sharply kink the rubber tubing over 
the other end and place the second finger over the kinked tubing. Trenner pipets 
are more fragile than the Thoma pipets and when filling, cleaning or attaching 
r rubber tubing, the capillary stem should be held between the thumb and forefinger 
to avoid strain ori the bulb. Rotate the pipel well for several minutes, holding in 
a horizontal position, and finally shake sidewise. 

7. Expel the fluid from the stem of the pipet and without loss of lime touch 
a drop to the end of the polished surface bearing the ruling, allowing the drop 
to flow under the cover glass. The suspension should not flow into the moats on 
either side, nor should any bubbles form under the cover glass. 

8. Allow about three minutes for the corpuscles to settle. 

9. Examine with 4 or 16 millimeter objective. Center the light and reduce its 
volume by lowering the condenser and partially closing the diaphragm. 

10. Locate the finding line which leads to the ruled-off area. Carefully avoid 
touching the cover glass with the lens, as this would disturb the corpuscles and 
lead to error in the count. 

11. When correctly focused, the corpuscles are sharply defined and the rulings 
appear as well-defined black lines (Fig. 69). 

When incorrectly focused, the ruled furrows appear as white lines, and the 
corpuscles, which lie above the plane of the ruled surface, are out of focus 
(Fig. 70). 

12. The counting slide will be found to have a number of small squares 
marked upon it. The size of these small squaies is 0.05 millimeter by 0.05 milli- 
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meter or 0.0025 sq. mm. When the cover slip is in place there is a chamber 
formed measuring 0.1 millimeter in depth. Therefore the small squares are in 
reality cubes measuring 0.00025 c.mm. (0.05X0.05X0.1 millimeter — 0.00025 
cm). 

It is impracticable to count the numlier of cells in <1000 of these small cubes 
which would give the number of cells per cm of diluted blood, so that a smaller 
number of cubes should be chosen. 

13. Count the number in 80 of the small squares. It will be noted that the 
small squares are separated into groups of IG. Five ol these groups therefore 




contain 80 small squares. Do not count tho<e cells touching the lower and right* 
hand lines but include all touching the upper and left-hand lines. 

14. Divide the number of cells found in 80 small squares by 80, thus deter- 
mining the average number per small square or in 0.00025 c.mm. 

15. Multiply the average number of cells per 0.00025 c.mm. by <1000 to deter- 
mine the number of cells in 1 c.mm. of diluted blood, and by 200 to determine the 
number in 1 c.mra. of undiluted blood. 

16. Therefore in routine icork count the number of cells in 80 small squares and 
add four ciphers. t 

Sources of Error. — The following sources ol error must be kept in mind and 
carefully avoided; (a) Inaccurate dilution due to faulty pipets or technic; (b) too 
slow manipulation, allowing a little of the blood to coagulate; (c) inaccuracy in 
the counting chamber and especially in its depth due to inaccurate cover glass, 
faulty manufacture, loosening of parts, etc.; (d) presence of yeasts and other 
artefacts in the diluting fluid; (e) delay in filling counting chamber after shaking 
pipets; (/) uneven distribution of the cells. 

METHOD TOR DETERMINING THE VOLUME OF PACKED ERYTHROCYTES 

Principles. — The estimation of the volume of packed cells in whole blood is 
chiefly used for the purpose of determining the volume index. It may also aid in 
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determining the degree of .anemia.. Changes in the size of . erythrocytes, as well as 
in their number, will be detected.. ; 7 7-vd ;■ .‘A. /> 7 7 ' 77 ..;.'/ 

The, volume of packed cells in 100 c.c. of blood is normally as follows: : 7 - . 

Men ... ...... 36 to • o 2 c.c: . . 

•Women ..'.. 35 to 46 c.c. ■ 

Finger Method.— x. Prick the finger as for blood count... 7 7 ‘ •' /' 

2 . .Gently' compress until a large drop of blood, collects: ■ ' • '7 ’ 

3; Draw the blood up in a Van Allen hematocrit lube to the mark 10 (Fig. 71). 

4. Draw the diluting fluid (1.4 per cent . . ' '> 

sodium oxalate) into the bulb of the pipet '. , ) •*" • • fT 7 

until it is- about one-third full. Then mix ., .''fin 7 ' 7Ls=l ■ ■ 

by twirling between the fingers'.;, • .. , A'7v -'V _ 7 "A 

5. Place, the tube. in holder (Fig. 72) or : 7 7 -. .<■. 'V 

wide rubber bands can , be . stretched over t. [ •' L:7,-\ 

the ends! ' .. • V 7 ' : 7 ’• l'.-,'.'. 

6 . Centrifuge the tubes' at about 2500 ; T >' 7 7 7 77 l". •; ... - 

revolutions per minute for , about one-half •; l I 7: 

hour. Remove the tubes and read the vol- '7f '• ‘ \ 

ume of cells according to the markings on -. ' |\ ;7 . 

the stem; which .is divided into 10 units of 4 t . ' if ' f '' 77; .' 

10 divisions each. Fach division represents • B^y ' -i' 7 '‘ 

1 per cent. . , >.■ 

n n «. -r . r r . . j Fic. 71 — Van Alien Fic. 72.— Sprinc 

‘ Centnfu S e again for five minutes and hematoout Tube Sealing Clip • 

make another reading. If the two readings 

are. similar, it is taken as the per cent of red cells to whole blood. If, however,' “the p 
reading is lower than the first the tube is again centrifuged for five minutes. This 
is. continued until two readings are identical. With a little experience one soon:); 

learns the time and speed required. '7.”7. 

r-|r Haden-Sanford Method. — 1. Make venous puncture with a,. 

. i sterile needle and. syringe and withdraw exactly 5 c.c. ofblood.-’ 

'.'.''ij 2. Immediately transfer the blood to a tube carrying , exactly , 

# 1 c.c. of 1.4 per cent solution of sodium oxalate. The- Sanford-’ 

. 7 ; §? • Magath tube is recommended (Fig. 73). The capacity is 6 c.c. /so 

■ 7 that the graduations in 0.1 c.c. are well separated and the level 

■ ' m. of the packed cells easily seen. >- ■ • ' 

‘ ^ . 3. Mix well and centrifuge for sixty minutes at about 2500 revd-7 

Fic. 73 . — San- lutions' per minute or until maximal packing of cells has taken 7 
ford - Magath , • - ■ 7 

Hematocrit P ace ‘ 7 - ;-77.- : . • 

Tube. 4. Or mix the blood thoroughly and place in a graduated cen- 

; trifuge tube or in any straight tube in which the' cohimn of blood 7 

can be measured. The Sahli tube used in estimating hemoglobin is very handy for: 
this purpose as the graduations can he used for reading. the volume; 'Fill -..tube .‘to •’ ; 

the 100 per cent mark. ., _7.7 r. ( : 7 "' .7 7'- 77 ' 


Fic. 72 . — Sprinc 
Sealing Clip 


• Fic. 73. — San- 
ford - Magath 
Hematocrit 
Tube. 
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5. Centrifuge and read ns described under the finger method making allowance 
for the dilution. 


METHOD FOR DETERMINTN O THE VOLUME INDEX 

Principle. — The volume index is the ratio of the mean corpuscular volume to 
nn arbitrary normal. 

In pernicious anemia in relapse a majority of the cells are larger than normal, 
hence the volume of packed cells will lie greater than in the same unit of normal 
blood with the same cell count. The reverse is true in most cases of so-called 
secondary anemia. In acute losses of blood the cells arc normal in size becau«e 
of the fact that there has been no disturbance in their production for a day or two 
after the hemorrhage. 

Procedure. — 1. Determine the volume of packed cells per 100 c.c. of blood. 

2. Make an erythrocyte count. 

3. Calculate the volume index using the following formula: 


volume of packed cells 
per 100 c.c. of blood 


mean normal packed cells 
per 100 c.c of blood 


number of erythrocytes 
per cubic millimeter 


mean normal of erythrocytes 
per cubic millimeter 


— Volume Index 


— Volume Index 


per cent of normal packed cells 
per cent of normal erythrocyte count 

Since there are no generally accepted figures for the mean normal packed cell* 
and erythrocyte count, it becomes necessary either to adopt figures obtained by 
others or conduct a series of determinations on normal individuals and determine 
the mean. The figures obtained can be used for the nborc calculation. In the 
case of the erythrocytes some authorities have adopted five million os an arbitrary 
normal. The mean normals will vary according to sex, age, etc. 

4. If for any group of normals, appropriately homogenous with respect to 
age, sex, race, etc., the mean normal is used which is consistent with one’s own 
technique and experience, then the normal range of the volume index for that 
group will be 0.90 to 1.10. The value taken as normal for the mean cell volume 
should always be" stated.* 

5. If for simplicity of calculation and uniformity of practice one is content 
to accept as convenient arbitrary normal values 50 c.c. as normal for packed 
cells per 100 c.c. of blood and 5 million for the normal erythrocyte count, the 
following formula may be used: 

volume of packed cells per 100 c.c. of blood 


= Volume Index 


first two numbers of the erythrocyte count 
If the erythrocyte count is under one million, the first number is used. 


* For assistance with the mathematical calculations of the blood indices we are indebted t 
Or. J. Harold Austin. Department of Research Medicine, University of Pennsylvania. 
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The normal range for volume index so calculated for adults is, 0.80 to 1.00. 
For children Between, the, ages of 4 and 13 years the normal range, is .0.63 
to 0.82. ; : : i ' • - ’ 1 

When the volume index is calculated according to the. latter • method .it- ;is . just-. ; ’- 
another way of determining the. mean, corpuscular volume. The result is expressed 
in units of 100 cubic microns. It is therefore necessary to multiply the result by 100 . 
to obtain the number of cubic microns per cell. This method is similar to the 
original method, described by Capps in which he multiplies the numerator and 
denominator by 2 to express them in terms of percentage. The omission of this 
step in. the calculation does not effect the results. 


V method tor determining the mean corpuscular volume 

. Principle.— The mean or average size of the individual erythrocyte in cubic 
microns may he calculated from the volume and the number of erythrocytes 
in a given quantity of blood. It has . the same clinical significance as the volume 
index.-;.. , \ ' •’ 

Procedure.^— 1. Determine the volume of packed cells per 1000 c.c. of blood 
(see page 71). 

2. Make an erythrocyte count. 

3. Divide the number of c.c. of packed cells per 1000 c.c of blood by the 
number of millions of erythrocytes, per c.riim.: 


volume of packed cells 


per 1000 c.c. of blood. 


:. erythrocytes in millions 
; per cubic millimeter 


> Mean Corpuscular Volume (cubic microns) 


. 4., The normal range for adults is from 80 to 100. The range for children . 
between 4 and 13 years of age is from : 62 to 82. 


METHOD TOR DETERMINING THE COLOR INDEX 

Principle.— The color index is the. ratio of the mean corpuscular hemoglobin 
relative to an arbitrary normal. . . > 

/ ' .This index usually closely parallels. the volume index. 

Procedure. — 1 . Determine the grams of hemoglobin per 100 c.c. of blood j 
■ (see page 65) . ^ ; . . ' • . r 

2. Make an erythrocyte count. ■-* , 4 - • - /.l 

v 3. Calculate the index by using the following: formula: . ‘ 


. grams of hemoglobin 
; . per.; 100 c.c of bloojl 
number of erythrocytes 
per cubic millimeter 


mean normal, grams of hemoglobin 
per 100 c.c. of blood ‘ . 


.mean normal of erythrocytes 
•per cubic millimeter 


= Color Index 
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p er cent of normal hemoglobin j n( j ex 

per cent of normal ery throe) te 
count 

Since there are no generally accepted figures for the mean normal hemoglobin 
and erythrocyte count, it becomes necessary either to adopt the figures obtained 
by others or conduct a series of tests on normal individuals and determine the 
mean. The figures obtained can then be u«ed for the above calculation. In the case 
of the erythrocytes some authorities have accepted 5 million as the arbitrary 
normal. The mean normals will vary according to age, sex, etc. 

4. If for any group of normal individuals appropriately homogenous with 
respect to sex, age, race, etc., the mean normal is used which is consistent with 
one’s own technique and experience, then the normal range of the color index for 
that group will be 0.90 to 1.10. The value taken for normal for mean hemoglobin 
should always be stated. 

5. If for simplicity of calculation and uniformity of practice one is content to 
accept os convenient arbitrary normal values 16.6 grams as the normal number 
of grams per 100 c.c. of blood and 5 million as the normal for the erythrocyte 
count, the following formula may l>c used when the count is 1 million or more: 

3X grams “of hemoglobin per 100 c.c. of blood « , . , 

; 1- . — Color Index 

first two numbers of the erythrocyte count 

If the count is under 1 million erythrocytes, then the first number is used. 

6. The normal range is from 0.80 to 1.00. The advantage of this method is its 
simplicity and the results arc comparable with all others using this same method. 
Readings in grams can be converted into percent by multiplying the number of 
grams per 100 c.c. of blood by 6. When the color index is calculated according to 
this method it is just another way of determining the mean corpuscular hemo- 
globin. The result is expressed in units of 33.3 micromicrograms. 

METHOD FOR DETERMINING TIIE MEAN CORPUSCULAR HEMOGLOBIN 

Principle. — The mean or average amount of hemoglobin by weight per cell is 
calculated and expressed in micromicrograms (IQ—** gnu). It has the same clinical 
value as the color index (see page 73). 

Procedure, — 1. Determine the liemoglohin in grams per 1000 c.c. of blood. 

2. Make an erythrocyte count. 

3. Divide the hemoglobin in grants per 1000 c.c. of blood by the millions of 
erythrocytes per cubic millimeter: 

hemoglobin in grams per 1000 c.c. of blood Mean Corpuscular HemoglohtQ 
erythrocytes in millions per cubic millimeter (micromicrograms) 

4. The normal range for adults is from 27 to 33. The range for children from 

4 to 13 years of age is 20 to 28 (Osgood and Baker) . ( 
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METHOD TOR DETERMINING THE MEAN CORPUSCULAR HEMOGLOBIN 

CONCENTRATION 


Principle. — This is the mean or average hemoglobin concentration in gm. per 
100 c.c. of packed cells. It has little clinical value. Rarely if ever are the cells 
found to be supersaturated and only in a few conditions such as chlorosis is 
there less than normal. 

Procedure. — 1 . Determine the hemoglobin in grams per 100 c.c. of blood. 

2. Determine the volume of packed cells in c.c. per 100 c.c. of blood. 

3. Divide the grams of hemoglobin by the c.c. of packed cells and multiply by 

100 : 


hemoglobin in grams per 100 c.c. of blood 
volume of packed cells in c.c. per 100 c.c. of blood 


Mean Corpuscular 
X 100 = Hemoglobin 

Concentration 


4. The normal range is from S3 to 38 gms. per 100 c.c. of packed cells. 


METHOD FOR DETERMINING THE SATURATION INDEX 

Principle. — -The same as the mean coipuscular hemoglobin concentration. 
Procedure. — 1. Determine the volume index. 

2. Determine the color index. 

3. Calculate the saturation index as follows: 




color index 
volume index 


Saturation Index > 


4. The normal rar%e is 0.90 to 1.2. 

The chart shown in Figure 62 by Haden gives a classification of the anemias 
based on the number, volume and hemoglobin content of red blood corpuscles. 


v/METHOD FOR COUNTING TOTAL LEUKOCYTES 

Principles. — 1. Blood is accurately diluted 1:20 with a fluid producing complete 
hemolysis of erythrocytes but without injury to the leukocytes. The corpuscles 
contained in 1 c.mm. of the diluted blood are then counted in a special chamber 
and this number multiplied by 20 (the dilution factor) to obtain the number in 
1 c.mm. of undiluted blood. This constitutes the method for reporting the results. 

2. The normal number of leukocytes is usually stated to be from 5000 to 
10,000 per c.mm.; however, normal counts may be slightly lower or higher ac- 
cording to age, influence of digestion, the time of day, and other little understood 
factors. Theie is a greater normal fluctuation in the number of leukocytes than in 
the erythrocytes. In the morning the number is usually the lowest and gradually 
rises until evening, probably as a result of exercise. There may be as much as a 
100 per cent increase but still the count may fall within the normal range. It is 
therefore advisable to recoid the time of day a leukocyte count is made. A count 
made during the afternoon may be 2000 higher than one made in the morning. 
Such an increase may not be necessarily due to disease. 
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"''Procedure. — 1. Draw blood to the mark 0.5 of the Thoma pi pet marked 11, 
or fill the stem of the Trenner pipet, as described in the method for counting 


erythrocytes. 

2. Draw up diluting fluid to mark 11, thus making a dilution of 1:20. 


DILUTING FLUID FOR I.f UKOCTTES * 


Acetic acid 
Water .... 


.3 to 5 c.c. 
100 c.c. 


Add a few drops of an aqueous solution of gentian violet or methylene blue to 
slightly stain the leukoevtes. 

3. Rotate the pipet well for several minutes, holding it in a horizontal position; 
finally shake sideways. 

4. Blow out several drops. 

5. nil the counting chamber in exactly the same manner as described for the 
counting of erythrocytes. 

6. Allow the cells to settle for at least three minutes. 

7. Center the light and focus exactly as described for the erythrocyte count. 

8. If the Levy or Lcvy-Hausser chamber is u«od, the cells in the four corner 
sq. mm. areas are counted in both rulings of the double chamber, also the cflh 
in both central sq. mm. areas, i.e., the cells in ten sq. mm. area* in all. This count 
is multiplied by 20 (dilution factor), which gives the total leukocytes per c.mm. 
of undiluted blood. Or count the cells in the four corner squares and multiply 
by 50. 

9. When the cells are counted in one ruling only, the toal count of the five sq. 
m areas, as above, will represent the number of leukocytes in 5 sq. mm. or 
0.5 c.mm. and must he multiplied by 40. 

10. If other rulings nre used count the numl>er of tells per sq. mm. (the entire 
ruled-off area) and multiply by 200. 

11. The same errors as may occur in erythrocyte counting must he kept in mind 
and carefully avoided. 

METHODS FOE 8TAININO BLOOD SMEAES 

Principles. — 1. An examination of the erythrocytes and different kinds of 
leukocytes possesses a great deal of diagnostic value. For this purpose stained 
preparations are superior wf* unstained or wet preparations. 

2. The blood must he prepared in thin, evenly distributed smears on slides or 
cover glasses as described on page 56. Well prepared films or smears are abso- 
lutely essential for accurate results. Tor routine work a variety of staining methods 
^re available. Preference should be given the polychrome stains, that is, tho«e 
capable of staining the neutral, acid and basic granules of leukocytes. Poorly- 
prepared and faultily stained smears cannot give results of acceptable accuracy. 

*N/10 HCl can oho be used aa a diluent and after tlie leukocyte count is made the remain- 
ing fluid can be used for determining the hemoglobin by the Haden method. 
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Wright’s Method.-^— 1; Cover smear with 10 drops of Wrights stain, 5 . and allow y. 
to remain for one minute. . \ 5 ' , " ; y 

, 2. Add to the stain on the smear an equal amount of distilled water. and -'allow- 
the stain .thus- diluted to stand three minutes more (the stain should now have a ■ 
“brassy”, sheen). • ■■•e 

3. Wash off sheen with tap yvater and stand on end, to dry. > • 

4. Dry- and mopnt in balsam or gum damar if -cover glass is used. • •'* 

5. This is an excellent polychrome stain and is recommended for routine work ., 

6. The following method, employing a buffer solution, is also recommended 

by Giordano: - ■- - 

(a) Buffer solution: 6.63 grams of acid potassium phosphate (KFLPOj) and , 
3.2 grains of dibasic sodium phosphate fNa-HPO^ * 12H->0) are dissolved in 1000-f ', 
c.c. of distilled water. - . . - - ' ■■ 


( b ) Add 25 to ,30 drops of Wright’s stain to blood film and allow to stand one; 
minute. Add an equal number of drops of buffer solution and allow- to remain 
four minutes. Wash with distilled water and dry. • ■ \ , 

7. Feemster recommends the following method: 

(a) Solution No. 1: Place enough dry stain in a clean dry bottle to saturate 

absolute methyl alcohol (not more than 0.3__gram will dissolve in lOOVc.c.). 
Allow; to stand for one or Two days with occasional shaking. Filter and add oner ; 
fifth of its volume of methyl, alcohpir^ , ■ 

(b) Solution No. 2: In a secoifd bottle place 90 c.c. of 95 per cent ethyl alcohol 

and 10 c.c. of distilled water. Add 0.3 gram of dry slain; mix and stand for hvo 
days' with occasional shaking. Filter before use. ., . <• ■?. /.Ay 

. (c) Cover, the dried. blood smear with solution No. 1 ; drain off excess at once, \ 
and let stand until the slide turns red. , .. '' 

(d) Flood with distilled water ; let stand for one or two minutes. .. - . / 

.(e) Wash with solution No. 2 until most of the red precipitate disappears: that 
over the -smear usually disappears immediately. Wipe off ends of slide; - .- • vVj-d 

■ (f) Wash with distilled water, dry and examine. : s . t - y'/i 1 - /V-y, 

Jenner’s. Method. — 1. Cover smear with JennerV stain for three to five minutes. 

; 2. Wash carefully with water until lavender color. * ■. ' s - C V'-,. 

3. Dry: mount in balsam or gum damar if cover glass is,used. 

4.. This is a polychrome, stapt and generally satisfactory! ,, y * - 
^j^Oiemsa’s Method. — i. Fix |lie smear in methyl alcohol fonhwo to five minutes; 

; 2. Submerge the slide in diluted Giemsa’s stain for twenty-five to thirty minutes: ‘ 


Giemsa stain, . . . 
Water (distilled) 


^ > i + m’0 * 

. . 




1 c.c. 
10 c.c. 


The -water should he neutral or very slightly alkaline. It is; advisable to testhit 
before use by placing a few grains of hematoxylin in. about 5 c.c.. In from one to . 
.five, minutes a pale violet color shotild appear; if -it; does not, the water isiiin*' ' 
suitable for, use! 'y , . .y •" _ ' *. , : V„yy y':\ 

' , 5 Wright’s, Jenner’s, and Giemsa’s stains may he .‘purchased from .supply houses, , . 
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The stain should be used immediately after diluting. 

3. Wash with distilled water and dr)' thorough!). 

Pappenheim’s Pyronine-Mcthyl-Green Method. — 1. Fix smears with heat. . 

2. Cover with the staining fluid for from o»c4ialf to five minutes. 

Methyl gteendsat. at|. sol.) 30 to 40 c.c. 

Pyronine (satT^iq. sol.) 10 to 15 c,c. 

This mixture will keep for about one month. If it is found that one of the dyes 
stains too intensely, it can be reduced by adding more ol the other dye. 

3. Wash with distilled water and thoroughly dry. 

4. Tills stain is for special purposes only. 

METHOD TOR SUPRAVITAL STAINING (DOAN) 

Materials: 

(a) Chemically clean, grease free slides 

(h) Chemically clean, grease free No. 0 coverslips 

(c) Supravital dyes (tested stains are available from National Aniline and 
Chemical Company; Eastman Kodak Company (I’inacyanolc) 

(d) Neutral absolute ethyl alcohol 
Method of preparation of glassuare: 

(a) Place new glassware in cleaning solution (sat. K,CrjO r in II 1 SO 4 ) for 43 
hours 

(b) Wash in running tap water for 40 hours 

(c) Rinse well with distilled water (3 limes) 

(d) Store in 80% ethyl alcohol 

(e) Wipe dry with clean gauze; avoid lint 
(/) Store in dust proof container 

Method of preparation of solutions: 

1. Stock solutions. 

(а) Neutral absolute ethyl alcohol (distilled over CnO) 

( б ) Saturated solution of vital Neutral Red in neutral absolute alcohol 

(c) Saturated solution of Janus Green (Diazinc Green) in ncutrnl absolute 
alcohol 

(*0 0-1% solution of Pinacyanolc in neutral absolute alcohol 

2. Staining solution for blood (to be made up just before using) 

(а) 5 c.c. neutral absolute alcohol 

( б ) 35 drops (Wright’s capillary pipet) saturated alcoholic Neutral Red 
solution 

(c) 5 drops (Wright’s capillary pipet) saturated alcoholic Janus Green 
solution 

3. Staining solution for blood where Pinacyanolc is desirable as a mitochondrial 
stain (to be made up ju*t before using). The mitochondria remain visible for 
a longer period than with Janus Green (Hetherington). 

(a) 5 c.c. neutral absolute alcohol 
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(b) 20 drops (Wright’s capillary pipeL) saturated alcoholic Neutral Red 
solution 

(c) 6 drops 0.1% Pinacyanole alcoholic solution 

4* For leukemic blood, bone marrow and other more cellular tissues an in- 
creased concentration of dyes is necessary, proportional to the number of 
cells present reacting specifically with each dye. 

Preparation of slides ivith stains: 

Flame slides prepared as above, cool, flood with stain, drain excess back into 
bottle, and air-dry. 

Store in dust proof container. 

Procedure.— 1 . Take a small diop of fresh living material on a coverslip 
(blood, spinal fluid, fluid from the serous cavities, bone mai row, tissue scrapings or 
suspension) . 

2. Invert on stained slide; do not press fiom above or cells will be injured. 

3. Seal edges of coverslip with any high melting point vaselin or paraffin. 

4. Study in warm box or at room temperature; optimum for cellular motility 
98.8° F. 


Classification of normal leukocytes 

1. Three separate kinds are recognized, namely, (a) lymphocytes from lymphoid 
tissues: ( b ) monocytes from the reticulo-endothelial system and (e) granulo- 
cytes from bone marroAV. 

2. The last are so called because of granules in their cytoplasm and are sub- 
dmded according to the staining reactions of these into three types: neutrophils, 
basophils and eosinophils. 

3. Lymphocytes (Plate I) vary in size from about that of an erythrocyte to 
that of a neutrophil. The nucleus Is round and stains deeply Avith the basic stain. 
The smaller ones stain more deeply and have a small amount of cytoplasm. The 
larger ones often stain less intensely and haA r e more cytoplasm, in some of Av'hicli 
may be seen several round, reddish-purple azurophilic granules. Occasionally 
forms with indented nucleus appear. It is generally believed that the large, less 
deeply staining forms are the younger types which become smaller upon reaching 
maturity. An increase of these cells is called lymphocytosis and a decrease 
lymphopenia. Normal 1000 to 3000 per c. mm. 

4. Monocytes (Plate I) include cells Avhich Avere formerly called large mono- 
nuclear leukocytes and tiansitionals. They are sometimes known as endothelio- 
eytes. They are the largest type of leukocyte found in the blood (14 to 20 micra). 
'The nucleus is less deeply stained than that of the lymphocytes, is usually in- 
dented and at times is horseshoe shaped. The chromatin material in the nucleus 
has a skeinlike appearance. Those Avith round nuclei are often difficult to dis- 
tinguish from lymphocytes. There is a Avider baud of cytoplasm than that of the 
lymphocytes. The lymphocytes are not usually as large as neutrophils, while the 
monocytes are usually larger. The chromatin of lymphocytes is more granular 
in appearance. An increase is called monocytosis. Normal 100 to 600 per c. mm. 
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5. Neutrophils (Plate I) are easily rccognired by mi irrcgnlar-shaped and 
tabulated nucleus, lor which leason Urey are commonly known as “potymotpha- 
nuclears.” Their average size is about 12 micra. The nucleus may be ribbon, band- 
like or segmented. Tiie segments vary in number from one to six or ecrcn and are 
all connected by narrow nuclear bands. The cytoplasm contains numerous fine 
granules which do not stain definitely either blue (basic) or red (acid) and 
hence are regarded as neutral or neutrophilic. They may undergo an increare, 
designated as “neutrophilia,” or a decrease, called “neulrojicnia." They hate 
been subdivided by Arneth, Schilling, and others according to the number and 
shapes of nuclear segments (described below). Normal .7000 to 7000 per c. mm. 

0. Eosinophils (Plate I) are granulocytes similar to the neutrophils except for 
a difference in the size and staining properties of the granules, which are round 
or oval and large enough to be distinctly outlined. They stain pink to bright red 
(acid stain) with Wright’s stain. An increase is called “eosinophilia” and a de- 
crease “eosinopenia.” Normal 50 to -100 per c. mm. 

7. Basophils (Plate I) ate granulocytes similar to the neutrophils except that 
they contain granules which are larger and stain deep purple (basic stain) with 
Wright’s stain. The nucleus is usually without distinct lobulation. The cell itself is 
slightly smaller than the neutrophil. Tbev are al«o called “mast cells.” An Increase 
is called “basophilia” or “basophilic leukocytosis.” Normal 0 to 50 per c, mm. 

QUALITATIVE CHANGES IN NEUTROPHILIC LEUKOCYTES * 

Shifts to the Left and Right. — Arneth in 190 1 attempted to measure the rela* 
live age of the circulating neutrophilic leukocytps from the morphology of the 
nucleus. He showed that the nucleus of the neutrophil, in it-s development from 
the myelocyte in the marrow, becomes gradually- more indented, and divides with 
age into an increasing number of separate lobes or segments. The shape of the 
nucleus is thus an index of the maturity of the cell. He disided the neutrophils 
into five major groups and numerous subgroups on the basis of nuclear configu- 
ration (Fig. 74). The nucleus in group 1 has only one Iol>e and in group V it has 
five or more lobes. Arneth suggested the terms “shift to the left” to indicate an 
increase in young cells or in those with fewer lobes, and “shift to the right” to 
designate an increase in older cells or in those with a larger mtmlicr of lobes. 
t Arnelh’s complete classification is unfortunately entirely too complicated for 
- practical laboratory application. His observations on the relation of the nuclear 
form to tlie age of cell, however, have been accepted as fundamentally correct, 
and ha\e stimulated further study and classification of the maturity of the neutro- 
phils which have proved of great value in clinical hematology. 

Schilling in 1911 suggested a classification of the neutrophilic leukocytes 
(Fig. 75) which has been widely employed especially in the study of disea«es 
related to infection. He divides the neutrophils in the order of their age into four 
groups: (1) myelocyte; (2) juvenile nuclear in which the nucleus has become 
indented; (3) stab or staff nuclears in which the nucleus is T- V- or U*shaped 

« R. L. Haden. Am. J. Clin. Path. 1935. 5:3S4. 
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Fig. 74. — Arneth Classification of the Neutrophilic Leukocyte (Haden) 







BCD 
Fig. 75.— Schillings’ Division of Neutrophils 


A. A myelocyte (normal 0). B. A jmenile cell (normal 01 per cent). C and D stab cells 
(normal 3-5 per cent). L. segmented cell (normal 51-67 per cent). 
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without division into segments; and (4) segmented nuclears which arc fully 
differentiated neutrophils with distinct segmentation into from two or fhe lobe*. 
Schilling’s classification is much simpler than Arneth’s and recognises two types 
of “shift to the left.” Arnelh, in his “shift to the left,” considered that the increased 
number of cells with fewer lobes was caused only by the rapid outpouring of 
leukocytes from the marrow in response to an acute need before growth and 
differentiation were complete. Schilling designates this a regenerative “shift to the 
left.” fn some instances a depres- 
sion of hone marrow function due 
to toxins seems to present the com- 
plete differentiation of the neutro- 
phils, go that they develop only to 
a certain point and emerge into the 
circulation at this stage. The differ- 
ential count in such cn«es shows an 
increased number of immature 
forms due to the depressed marrow 
function. Schilling designates this 
t>|>c of reaction as a degenerathe 
“shift to the left.” Other evidences 
of degeneration of the neutrophils 
are also seen here, such as loss of 
structure and narrowing and deep- 
staining of the nucleus, irregularity 
in she and staining reaction of the 
granules in the cytoplasm and the 
vacuoles. 

Schilling in classifying the neu- 
trophil*, rightly places the empha- 
sis on the more immature form*. 
Arnelh had emphasized the sub- 
division of the segmented or more 
mature types. It is also oilen difficult 
to determine when the nucleus of 
any given cell baa liecomc segmented. Cooke and Ponder suggest a simple 
criterion, which is now hnowrn by their names, for determining division of the 
nucleus. The nucleus never divides completely. The lobes are connected cither 
by a fine filament or by denser bridges of nuclear material. Cooke and Ponder do 
not classify a nucleus as divided if the segments are connected by other than a 
fine chromatin thread (Fig. 76). By using this criterion of division it 3s relatively 
simple to classify all neutrophils in a well-made film. Cooke and Ponder recog- 
nize five groups of neutrophils having from one to five distinct lobes in the 
nucleus. While this is a valuable simplification of Arnelh’s classification, the 
emphasis is placed on subdivision of the segmented or more mature cells a 3 in 
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ArnetVs method, rather than on the more immature cells. It is desired to knorv 
the degree of immaturity of the neutrophils rather than the extent of maturity. 
Pernicious anemia is one of the few clinical conditions in which the appearance 
of a larger number of very mature neutrophils or “shift to the right” is of diag- - 
noslic importance. Some “shift to the left” is, however, encountered in the presence 
of almost eveiv infection, and often in other toxic conditions. 

Several observers have simplified still further the grouping of the neutrophils 
and at the same time they have preserved the essential and valuable features of 
this procedure. Myelocytes are seen infrequently. Pons and Krumbhaar sugggest 
the division of the neutrophils into three classes: (I) metamyelocytes or very 
young forms in which there is only 

a slight indentation of the nucleus -- ' ' J "*' ir -- 1 "' mA ~~ ' ' 1 . ■ ■■ ■ 

(the juvenile form of Schilling) ; /’iSkN 

(2) nonsegmented or young neu- fi€fCf/77ye/OCY/'& ( flF ) 
trophils (stab form of Schilling; 

and (3) segmented or older cells 

(Fig. 77)4 These authors do not — 

mention criteria for differentiating . f 

segmented and nonsegmented cells J 

although their illustrations show as ' s - 

segmented cells only those in which 
the lobes are connected by a fila- 

mentous thread. Farley. St. Clair j. % I 

and Reisinger suggest the use of v"v 

Cooke and Ponder’s criterion for * 1 

determining segmentation and the Fig. 77.— Pons and Krumbhaar Classifjca- 
simple division of all neutrophils tion of the NEwrnovun.se Leukocyte (Haden) 
into filamented and nonfilamented 

cells (Fig. 78) . Neutrophils in which two or more lobes are united only by a fila- 
ment of chromatin material are recorded as fi lamented cells, all others are classi- 
fied as nonfilamented. 

The classification of neutrophils into filamented and nonfilamented forms is 
simply, quickly and accurately made and usually supplies most of the valuable 
information concerning the degree of maturity of the neutrophil. Schilling’s 
classification is valuable when a more detailed study of maturity is required. 
Arneth’s complete classification has been discarded because it is entirely too com- 
plicated for practical use. Cooke and Ponder’s count usually gives information 
of little more value than the simple division of all neutrophils into filamented 
and nonfilamented forms. 

Procedure. — In both the Schilling hemogram and the filament-nonfilament 
count 100 or more leukocytes are counted and the neutrophils are subdivided. 
When 100 leukocytes of all types are counted, not more than 16 per cent of the 
neutrophils should be nonfilamented. 

A normal average of neutrophils according Id Schilling is found when 100 
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Fig. 77. — Pons and Krumbhaar Classifica- 
tion of the Neutrophilic Leukocyte (Haden) 
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leukocytes of all types are counted as (1) myelocyte, none; (2) juvenile, G-l^i ; 
(3) stab, 3 to 5%; and (4) segmented, 51 to 67$. In making any o{ die quatr 
lathe counts, a thin, well-stained film is necessary. It is far preferable to use only 
coverglass preparations. The films arc stained routinely by the use of Wright’s 
stain and a buffer solution. 

Schilling suggested an index for expressing the degree of “shill to the left” 



Fic. 78.— Tablet et al . Classification or tiic Neutjiopiuuc Leukocyte (Haden) 


which is obtained by dividing the immature forms (nonfilamentcd) by the mature 
(/[lamented) forms. It is expressed in the form of a fraction. 

Fer cent or number of immature neutrophils 
Schilling Index— cent or number of mature neutrophils 


Another method of expressing the shift is by dividing the mature (fdamented) 
forms by the immature (nonfdamented) forms (nuclear index). Tills is the same 
as the Schilling index inverted and so expresses the index os a whole number. 

Per cent or number of mature neutrophils 


Inverted Schilling Index-* 


Per cent or numlter of immature neutrophils 

Either of these indices can be used to express the shift obtained with any of 0<C 
classifications described. However, the normal limit will vary. Schilling glees a 5 
normal for his index any figure over 1/13 which corresponds to n nuclear index 
of 13. If the filament nonfilament classification of Farley et al. is used the normal 
will lie higher for the Schilling index and lower for the nuclear index. When 
using tire Schilling index the higher the number the greater the shift to the left 
and when the inverted index is used, the lower the number the greater the shift 
to the left. 

Basophilic or “Toxic” Granulation in the Neutrophils. — More recently 
qualitative changes in the granules of die cytoplasm of the neutrophilic leuko 
cytes have aroused much interest in relation to infection and other toxemias. It has 
been pointed out by numerous observers dial deeply staining basophilic granule* 
may occur in the neutrophils under abnormal conditions. The granules in the 
cytoplasm of normal neutrophils are numerous* small, of uniform size, and pinkish 
in color. The basophilic granules or “toxic granules,” as they are often designated, 
may be large or small (Fig. 79). If die “toxic granules" arc small, they arc 
usually distributed among the pinkish neutrophilic granules; if they are large, 
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-. fewdf any normal granules , are seen in the cytoplasm: The “ioxic” -granules occur l 
'especially- in the presence of pneumonia, septicemia, and peritonitis hut they hiay. 
be. found in any severe infection or toxemia with or'xyithout Ieukoe}Tosis. :The 
gj-anules may be present in either young immature cells or: in mature, segmented 
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Fk;. 79.— Diacbam to Indicate the Appearance of Basophiuc on “Toxic” Granulation in . ■ 
‘A-."* the Neutrophils (Haden) A„. 


neutrophils. Large basophilic granules are found only in the acute stage of dis- 
ease (Fig. 80). . • • ''-v'.. \ • 

• In studying cells which show basophilic granulation, one is impressed with the 
, small total number of normal granules in the cyto- 
plasm. In a normal neutrophilic cell the cytoplasm is 
_ packed with small granules. If such a cell is stained 
by. ah oxidase method, the granules are sharply de- 
fined and the filling of the cell is evident. Likewise, 
an. oxidase stain on a cell which shows basophilic 
: granulations reveals relatively few oxidase reacting 
granules. Therefore, the oxidase stain also gives valu- 
able information in the cytoplasm. Graham pointed 
: out long ago a close relationship between an increase 
, ' ' in . the younger Arneth forms and a decrease in the 
. number of oxidase reacting granules in the cytoplasm. 

He likewise showed that conditions such as lobar pneu- p rc _ 80 ;~ Dohle Inclusion - ‘ ” 

, monia, which is now recognized as a disease in which Bodies' X 1500. (Wood.) v 
basophilic granulation is almost uniformly present,, •: 

'./..exhibit also a great decrease in oxidase granules, although he did not mention ; • A 
basophilic granulation in this regard. He considered a decrease in the granules as - Vv 
> evidence of the presence of a toxic condition. Basophilic granulation, then, really' 
represents granule failure in the same manner as does a decrease in oxidase stain- ■ ' - ’A 
ing granules, - A'.'’-/ 
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Basophilic or “toxic” granulation in the neutrophils is looked upon as a 
phenomenon of degeneration. It seems most probable that it represents the effect 
of the toxemia on the cells in the marrow at the stage of granule formation. The 
percentage of cells which show basophilic granulation may be recorded, or the 
degenerative index suggested by Kugel and Rosenthal and based on the per- 
centage of neutrophils showing basophilic or “toxic” granules may be used. The 
index is calculated by dividing the number of neutrophils showing basophilic 
granulation by the total number of neutrophils counted. 

Number of neutrophils showing basophilic granulation 
Degenerative Index Total ».l«r of neutrophil. 

In addition to changes in the granules, the staining reaction of the cjtoplasm 
also often differs from that of normal. The cytoplasm may take on a bluish hue 
of varying intensity which is due to increased basophilia. This diffu«e basophilic 
reaction together with “toxic” granulation occurs frequently. Likewise the pattern 
of the nucleus may exhibit abnormal variations in density of staining. 

Basophilic granules and variations in the staining reaction of the cjtoplasm 
and the nucleus may be seen satisfactorily only on thin films which arc properly 
stained. If cover glass preparations are used, control preparations of normal 
blood should be stained and examined at the same time. If the blood film is made 
on a slide, a film of normal blood may !*e spread on one end of the slide and 
the two films stained at the same time. Variations in the unknown blood are 
significant only if they are absent from the normal film. It is important in 
studying all qualitative changes in the neutrophils to examine serial preparations 
because much more is learned from a comparison of counts made from day to 
day or time to time than is learned from single counts. 

ABNORMAL VARIETIES 01* LEUKOCYTES 

The following leukocytes are not found in tho circulating blood in health. Indeed 
the younger forms are even rare in the bone marrow except when activated by 
disease. At birth all the bones contain active bone marrow but in tlic adult in 
health only the flat bones such as the scapulae and the ribs and the bodies of the 
vertebrae arc characterized by formative marrow. Cells of two series are en- 
countered as follows: 

Granulocytic Series. — 1. Myeloblasts . — These are the youngest or stem celL 
of this scries. They are slightly larger than the well known neutrophil leukocyte 
(18 to 20 microns) and possess a deep blue basophilic cytoplasm when stained with 
Wright’s stain. There are no cytoplasmic granules. The nucleus is characterized 
by fine chromatin markings in the form of a fine stippling. To some observers the 
spaces between the chromatin markings suggest a fine sieve-like character. The 
nucleus stains bluish red by Wright's method. There are several small nucleoli 
which are stained light blue (Plate I). 

2. Premyelocytes. — As the myeloblast matures, it acquires cytoplasmic granules. 
It is then called the premyelocyte. At first these granules are of the azurophile 
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variety, 'so called because with Wright’s stain they take a rich blue stain. They 
are not affected by the oxidase stain of Goodpasture and although they are gen- 
erally large granules, they vary much in size. The cytoplasm is less basophilic than 
in the myeloblast. The nucleus stains somewhat more deeply and the chromatin 
particles seem somewhat coarser. As this cell grows older, the azuropkile granules 
are replaced by specific granules which become black when treated with Good- 
pasture’s oxidase stain. It is at this point that the cell differentiates into one of 
the three following specific types of myelocytes: neutrophilic, eosinophilic or 
basophilic. 

3. Neutrophilic Myelocyte . — The cytoplasm has at this stage reached its com- 
plete development and acquired phagocytic powers. The cytoplasm is very lightly 
acidophilic and packed with small, not easily seen, violet granules (Wright’s stain) . 
The cell is slightly smaller than the myeloblast (12-18 microns). The nucleus is 
still round but it is more deeply stained, its chromatin markings are coarser and 
nucleoli are rarely found. Further maturity of the cell is shown not by cytoplasmic 
changes but by changes in the nucleus. The round form becomes indented (juvenile 
leukocyte), the indentation extends deeper (stab leukocyte) and finally segmenta- 
tion occurs (segmented leukocj'te). During this process of indentation and seg- 
mentation, the chromatin condenses so that it stains more deeply from blue-red to 
bluish-black; the chromatin masses and nuclear membrane become thicker, and 
the spaces between the chromatin markings become wider (Plate I). 

4. Eosinophilic Myelocyte. — This cell develops gianules which are much larger 
than the neutrophilic granules and they take a distinct red, sometimes brownish- 
ted stain (Wright's stain). The nuclear changes of this cell are similar to those 
of the neutrophile and the same type cells are formed (Plate I). 

5. Basophilic Myelocyte. — In this cell the granules are also large like those of 
the eosinophil but they stain a deep blue although an occasional metachromatic 
( red or bluish-red) granule is encountered. Nuclear maturity occurs as in the 
othei forms of myelocytes. In active bone marrow cells of varying maturity are 
seen from the most immature to the mature segmented form. They are best studied 
in films prepared by smearing the marrow on a slide and staining in the same 
manner as flood films (Plate I). 

Lymphoid Series. — Cells of this series may be found in the bone marrow as 
well as in the circulating blood in leukemic states. Normally they are found in 
lymphoid tissue. 

1. Lymphoblast. — This cell is identical with the myeloblast in appearance 
though some claim that there are minute differences. It may be found in the 
germinal centers of lymphnodes in health. 

2. Young Forms of Lymphocytes— These are characterized by delicately stained 
nuclei of a vesicular character. They do not contain nucleoli. They are usually 
large cells from 10 to 20 microns in diameter. The cytoplasm like that of the 
mature lymphocyte is lightly basophilic. These young lymphocytes are frequently 
incorrectly called monocytes because of their delicate nuclear structure. They are 
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found characteristically in infectious mononucleosis. Young lymphocytes may or 
may not possess azurophile granules. 

3. Turk's Irritation Forms . — The true nature and significance of these tells is 
disputed. The nucleus stains deeply, is round with irregular markings and the 
cytoplasm is intensely basophilic. 

METHOD for the diffe rential counting of leukocytes 

Principles. — 1. Differential leukocyte counts refer to the actual number or 
percentage of different kinds present. 

2. The number of cells to he counted and classified should lie determined by 
the total leukocyte count. In routine work the following is recommended: 

For total counts under 10,000, classify 100 cells. 

Tor total counts of 10 to 15,000, classify 200 cells. 

For total counts of 15 to 20,000, cla«sify 300 cells. 

For total counts of 20 to 25,000, cla««ify 400 cells. 

For total counts o\er 25,000, classify 500 cell". 

3. It is usual to submit a report in terms of the per cent of each type of 

leukocyte in the count, but a much belter plan is to report the actual number 

of eacli leukocyte per c.mm. of blood which may lie calculated from the total 
leukocyte count. If, for example, the total leukocyte count is 12,500 with 77 
per cent neutrophils, the actual number of these cells per c.mm. of blood would 
be 125 X 77 or 9625. 

4. According to the percentage system, the normal for adults is approximately 
as follow's (total count 5000 to 10,000) : 


Neutrophils. . 
Basophils. . . 
Eosinophils. . 
Ly mphocjlcs, 
Monocytes. . . 


Per Cent 
50 to 70 
* OS to 1 

1 to Y 
20 to 30 

2 to 6 


5. According to the actual numW j>er i.inin. of blood, the normal for adults 
is approximately as follows: 


Neutrophils 
Basophils . . 
Eosinophils 
Lymphocytes 
Monocytes . 


Per C.mm. 
3000 to 7000 
0 to 50 
50 to 400 
1000 to 3000 
100 to 600 
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6. For children the figures are approximately as follows: 

TABLE IV 


Leukocyte 

j Three Months to 
Three Years 

Three to Five Yean, 

Cher Five Years 

Tseutrophik 

2000 to 7000 

0 to 50 

25 to 700 

4000 to 9000 

25 to 700 

3000 to 8000 

0 to 50 

50 to 700 

2500 to 6000 

25 to 700 

3000 to 7000 

0 to 50 

50 to 400 

1000 to 3000 

300 to ,600 

Basophils 



Monocytes j 



7. "As the peicentages do not indicate the actual number, it is advisable and 
teeommended to convert them into the numbers of earh type per c.mm. of blood, 
although the medical profession as a whole is not yet acquainted with the normal 
figures given above noth which to interpret reports. The per cent of any type of 
cell may be increased or decreased without any change in the actual number by 
a change in the total leukocyte count. 

8. When the per cent of a cell is higher than normal without any indication of 
an absolute increase as determined by the total count, it is spoken of as a “relative 
increase.” But this teim, which is so generally used, should be abandoned as it 
does not properly express any^definite change. Foi example, a “relative lympho- 
cytosis” may be due to a diminution in the number of neutrophils without any 
change in the normal number of lymphocytes; or the numbei of lymphocytes may 
be actually increased. 

9. For simplicity the following nomenclature is advocated: 

Leukopenia: decrease in total leukocytes 
Neutropenia: decrease in polymorphonucleais 
Basopenia: decrease in basophils 
' Eosinopenia: decrease in eosinophils 

Lymphopenia: decrease in lymphocytes 
Monopenia: decrease in monocytes 
Granulopenia: decrease in all granulocytic leukocytes 
Leukocytosis: Increase in total number of leukocytes 
Neutrophilia: increase in polymorphonuclears 
Basophilia: increase in basophils 
Eosinophilia : increase in eosinophils 
Lymphocytosis: increase in lymphocytes 
Monocytosis: increase in monocytes 

Table V gives the usual changes in the leukocytes in disease. 

Procedure. — 1 . Prepare several blood smears as described on page 56. 

2. Stain with Wright’s or other suitable stain (see page 76} » 


& 
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table 

Cikncf.s o 


Neulnphiha j 

Ntulroptnia j 

Lymphorytoru 

Severe acute infections, par- | 
ticularly those due to cocci 

Subacute and chronic infec- 
tions 

Convalescence from Baits 
coccus infections 

Acute loss of blood (especially 
hemorrhage into lsuly cavi- 
ties) 

Common in diseases due to J 

bacilli 

Common to bacillary infec- 
tions 



Syphilis 


Splenic anemia 

Measles 

Infarction 

Agranulocytosis (malignant i 
leukopenia) 

Lymphatic leukemia 

Myelogenous leukemia 

Convalescence from severe | 
acute infections 

Chmnic infections 

Infectious mononucleosis 


3. Examine wilb low-power lens I o determine if the leukocytes are well dis- 
tributed. Look particularly at the edges and end of the smear. If they are not 
properly distributed, examine another smear. 

4. M the slide proves satisfactory, systematically examine with oil-immer*ioi> 
lens by recording each type of leukocyte seen os the slide is moved from one field 
to another. The Marbcl blood cell calculator (Fig. 41) is very convenient. 

5. At the 9ame time a special differential count may be made o / the neutrophil » 
for the forms of metamy elocytcs to ascertain if there is any “shift to tiie left.” 

6. The red blood corpuscles should also be examined and any abnormalities 
noted with special reference to the number of nucleated cells seen during the count 

7. At least three separate parts of the slide should be examined in order to get 
an accurate result, 

8. The normal differential leukocyte count for the adult is approximately aJ 
follows: 

Lymphocytes 1000 to 3000 (20 to 30%) 

Monocytes 100 to 600 ( 2 to 6%) 

Neutrophils (nonfilamented) 150 to 500 ( 3 to 6%) 

Neutrophils (filamented)... 2550 to 5350 (50 to 67$ ) 

Eosinophils 50 to 400 ( 1 to 4%) 

Basophils ............... 0 to 50 ( Q to 1%) 

9. As an example of a “shift to the left” or an increase of metamyelocytes (non 
filamented neutrophils) the following count from a case of acute suppurative 
appendicitis in an adult with a total leukocyte count of 15,000 may be given: 
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V 

Leukocytes in Disease 


lymphopenia 

i Eosinophilia 

Eosinopema 

Monoy losh 

Sc\ ere acute infee- 
lions, particularly 
those due to cocci 

j 

Convalescence from 
acute infections, 
particularly those 
due to cocci 

Severe acute infec- 
tions, parlicnlarlv 
those due to cocci 


Common in agranulo- 
cytosis (malignant 
leukopenia) 

( 

Parasitic diseases 

Hay fever 

Eczema 

j 

Typhoid fever 

1 

Btonchia! asthma 


Hodgkin’s disease 

• 

Eosinophilic leukemia 

i 

Protozoan diseases 

- 

Scarlet fever 

. 

Monocytic leukemia 


Lymphocytes 1800 (12 %) 

Monocytes 900 (4 %) 

Neutrophils (nonfxlamented) 2100 (14 %) 

Neutrophils (filamented) 10,425 (69.5%) 

Eosinophils 0 

Basophils 75 ( 0.5%) 


PEROXIDASE REACTION 

Principles. — This test is employed lor the identification of myelocytes in die 
differential diagnosis of the leukemias. It is based upon the principle that a study 
of the oxidizing ferments of leukocytes aids in differentiating those of myeloid 
origin (myelocytes) fiom those of other lineage. Chving to difficulties in staining, 
a large number of methods have been advocated. 

Washburn’s Method. — 1. Thin smears should be made, allowed to dry and 
stained within three to four hours. 

2. Flood the smear with 10 drops of solution No. 1 and allow to stand for one 
to one and one-half minutes. 


Solution No. 1 


Benzidine base 9.3 gm. 

Basic fuchsin - * * 9.o gm. ", 

Sodium nitroprusside (sat. aq. sol.) 1.00 c.c. 

Ethyl alcohol (95 per cent) 100 c.c. 
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Dissolve the benzidine and fuchsin in thc^ alcohol in order named. Then add the 
nitroprusside solution. A slight precipitate may form at the bottom of the flasl 
but does not interfere .with the staining qualities. This solution will keep for eight 
to ten months. 

3. Add 5 drops of solution No. 2 without pouring ofi No. 1 and allow to stand 
three to four minutes. 


Solution No. 2 

Hydrogen peroxide 0.3 c.c. 

Tap water 23 c.c« 

This solution will keep for about two days. 

4. Wash thoroughly with tap water {one-half to one minute). 

5. While still wet, flood with 95 per cent ethyl alcohol and allow to stand 
three Vo four minutes, or until completely decolorized (i.e., when there is no more 
pink visible to the naked eye). 

6. Wash thoroughly with tap water and dry. 

7. Flood with Wright’s stain and allow to stand for 2 to 3 minutes. 

8. Add 14 drops of tap water (one and one-half times os much water as Wright i 
stain) and allow to stand for 20 to 45 minutes. Most normal and many abnormal 
bloods will stain well in 20 to 25 minutes but certain abnormal bloods, particularly 
the leukemic bloods, require 35 to 40 minutes. 

9. Wash briefly with tap water, flood with 95 per cent alcohol for 3 to ; 
seconds and immediately wash with tap water for 10 to 15 seconds. 

10. Dry and examine. 

The normal polymorphonuclear neutrophil is so full of large black peroxidas 
granules that frequently the characteristic pleomorphic purple nucleus is the on!; 
other clement visible. In the few polymorphonuclears which show a smaller num 
her of black granules, the cytoplasm may be made out as finely granular an< 
either neutrophilic or slightly pinkish. In certain abnormal bloods, notably in tin 
myelogenous leukemias, some of these cells may have very few or no peroxide 
granules. The cytoplasm of these cells frequently appears to be vacuolated, suggest 
mg that they are degenerated forms in which the substance producing the peroi 
idase reaction has already disappeared. 

The nuclei of eosinophils stain the usual purple, as with Wright’s vtain, an 1 
the large eosinophilic granules take on the deep black of the peroxidase staiu 
but remain refractile. This gives them the appearance of very large black granules 
whose center is slightly paler than the periphery and of a brownish tint. 

The basophils are the only normal cells which are hard to classify with this 
stain, since the basophilic granules take on the black of the peroxidase reaction 
so that their differentiation from neutrophils is difficult. The granules are slightly 
larger and tend to be arranged more thickly at the cell edges. The nucleus is a!*o 
to be less distinguished as less pleomorphic and of a paler purple or even lavender 
color compared with that of the neutrophils. 



%^€1lvm'p)ioa!fies $feyel /aB'oi^-i^yv^perbxIHase •^h1iW ! -^en , r^ai*acteri^fcS''Mt\ 



^fibciwtin&cjW (^QddA 8 ll^j^^;of-Mbttottac^r : ^li}/'^^aU^jS^i||T'jr > ^CtKjdttg:.! 
of Blpefe granules' which ' tendto 4>e .present. 'largel>i : ;in ; ^ '■gtoufj^'.^TfieC fen')ainder';of : 
iKe; fee^lsstains^s^ ]Wi0i .'^ngKt’sraJaJn^^at'i^.th'e, 

^f^iij^l^jd^tt-tt^^fvltlig^iT^Wtr^i^lls.vw/lj-TQaphcfcytfes. whilellie cytoplasnr shows s'. 
•'a/Sla^gra^A^ ’w|th .frae , 

r'disVribiitfeHy^O^^i&^a.llj'fcells with only oneortdro or aven'-wiilidijiV'Wy'^jcQ^jda^'^ 
: granules’ ar^s^kf^^r’^'i ;' '•'■ ' ■'. ’- • 

tstially show; some pbroxidase granules. The . number may varyffibhi; •. 
. 2 '.- ■ift.i’a''-snni , e' ; oir^ , ninfe' so.rthat the. cell Is '.as full of rn'nniiioR f ..n<; - A > rrihturr- ' 



) fe%er .pero'sidasfe: granules; .. • . 1 ,;y 

•, . ^h-My^oBIo^j^d^ymphoblasi's never show any peroxidase; granules- so mat their- ■“ 

il, O n n«</ 



SticK cells will show’ a few black granules with ^ the peroxidase;?;.. 
'? ; ystam^;1dips';indicadng; r .a origin. . \-/ - ' ■."/}' -'V 

’ " . . V ' • ' ■, . / ‘.: v; .i?V^.'-''^ 

OI&MAIi •• AKD , ABNORMAL ERYTHROCYTES ; ' 

■■ V ' tiStfiy >!> 1 fi : ! v- - • '• '■:, -• ,• ■ ,• /, - ~ r - 

of stained blood smears, should also be; examined -and re-, V 
ported .uppri>\especTalijr in the anemias. •;•, ; ' -o/v.', ; Ay. 

^i 2 ;?Wprthdlly; they are about 7 i 5 ' miera in diameter (Plates I and. II). In'; stained';;! 
prepaiaBpnsvdisfprted shapes may be'seeh due to. mechanical distortion . in iprepai!,r|: 

.they may occur in rouleaux formation and sh'otfy! 

.s_6me;6mnSti6nry;l!?; •••_•• •. ^ * ', • _ • ' ,‘i 7? <{£?v 

A> .15' i i s„‘ &v 




Plate II.— Normal and Abnormal Eivttiirocytes. 

The preparations are all from case* of erythremia (polycythemia sera) except No. 7 
which is from a normal per«on. The Main is Wright's Main and the magnification is about 
970. The drawings ore made with the aid of a'camrro lucid* and represent actual fields. 

Croup 1. Shows especially raacrocytosi*. The nucleated red cell is an erythroLlast. 

Group 2. Shows faint polychromatophdia end moderate anisocytosis. The flaunting out of 
the cells is due to the increased sNcority of the polycythemic blood. Red crll count 10.000,900 
per c.mw. 

Croup 3. Shows marked achromia, ani«ocy|o«is and potychromalophilia. The red cell fount 
was 8,500,000 per c.mm. and the hemoglobin 103 per cent. Color index 06. 

Croup 4. Shows narked nni«ocytosi«, poikilocytosis and poly chromatophilia. The whits 
corpuscle shown Is presumably a myeloblast. The nucleus contains several nucleoli. Below thi* 
cell is a red corpuscle containing a Howell Jolly body. Red cell count 3,300,000 per cjnm. 

Group 5. Shows numerous fragmented cells, microcytes, macrocytes and coarse stippli»6 
One of the red cells shows a Cabot-ring body. A normoblast 1* shown. 

Croup 6. Shows slight ani«ocytiu>ij and fine stippling. The uniform pray color as compart 
with the cells of group 7 is due to a difference in the stain. In judging polychromslophilia the 
variation of the staining of individual cells in a given preparation and not the color of tfc* 
preparation as a whole must be taken as a criterion. 

Group 7. Shows normal red cells. 

Note that in all the groups the number of platelets is normal or increased. (From Minot sou 
Buckman, Am. J. Med. Sc n 1923, 166: 470.) 
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81. — The Efmnnoc\TEs 
SiCKLE-CeT.!. ANEMIA 


IN 


Ellipticaliy shaped cells may occur in both laces in various anemias also as a 
hereditary phenomenon. The above test is a useful aid in differentiation and in 
the diagnosis of sickle-cell anemia. 

7. Polychromatophilia is the term used for indicating the abnormal affinity of 
erj throcyles for the basic stains (Plate II). When present, many erythrofcvles will 
be seen taking the basic blue stain in vaiying degrees, usually pale to light blue 
instead of pale pink. The condition is abnormal. 

and found in anemias where there is active re- 
generation of erythrocytes. 

8. Basophilic degeneration, or “ stippling *' is 
a condition in which there are many very fine 
to coarse blue dots or granules present in the 
erythrocyte (Plate II). They are found in cases 
where erythrocytic regeneration is active and 
probably represent cells which have undergone 
a degenerative change before they were fully 
mature. Their presence in suspected cases of 
lead poisoning is of diagnostic value. 

9. Reticulated erythrocytes are young cells 
which, when stained with brilliant cresyl blue, 
show filaments which are well stained if the 
staining is done while the cell is still alive (vital 
staining). Although these filaments take the 
basic stain they wall not stain in the usual diy 

smeai. They are often ananged in skeins or wieaths (Plate II). 

10. Nucleated red cells are immature cells which are thrown into the circulation 
in severe anemias and leukemias in which there is an active regeneiation of bone 
marrow. The megalohlast (Plate II) is the largest type and has a large, oval, 
pale-staining nucleus. The cytoplasm often show’s polychromatophilia. Some may 
closely resemble lymphocytes due to the blue staining of the cytoplasm. These 
cells are usually present in pernicious anemia, wheie their presence is of diagnostic 
lalue. The normoblast (Plate I) is of about the same size as an erythrocyte and 
has a nucleus more deeply stained than the megalohlast. Occasionally the chromatin 
is arranged in a manner resembling the spokes of a wheel. They often show 
polj chromatophilia. The older forms aie smaller and the nucleus deeply stained. 
There may be more than one nucleus or the nucleus may be irregular, tabulated 
or fragmented. If the nucleus is completely broken up the fragments may all 
disappear except for a few’. These remaining particles are called nuclear particles 
or Howell-Jolly bodies. The smallest nucleated red is called a microblast. It 
measures less than 5 micra in diameter, has a deeply staining nucleus and is 
regarded as an older form of normoblast. 

Cabot's ring bodies are ring or figure-eighl-shaped structures which stain red 
or reddish-purple with Wright’s slain. The> arc seen In lead poisoning, pernicious 
anemia, leukemia and especially in erythroblastic anemia of children. 


(From Todd and Sanford, Clin- 
ical Diagnosis by Laboratory 
Methods y tV. B Saunders Co.) 
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METHOD TOR THE PRODUCTION AND DEMONSTRATION 01* SICKLE CELLS 
(BECK AND IIEBTZ) r 

1. Place from 0.2 to 0.5 c.c. of saline citrate solution (3/{ sodium citrate it 
normal saline) in a test tube. 

2. Clean and prick the finger as in collecting blood for a count. 

3. Collect one or two drops of blood in the tube containing the saline citrate. 
Invert and mix. 

4. Cover with sufficient oil to male a layer 1 cm. thick. Make sure no bubble 
of air are under the oil. 

5. Let the preparation stand at room temperature for twenty-four hours; then 
introduce 0.2 to 0.5 C.C. ol formalin solution (0.85 gm. of sodium chloride to 
1000 c.c. of 10 per cent neutral formalin! beneath the oil layer with a pipd. 
Thoroughly mix by forcing the liquids in and out of the pipet several times. Do 
not break up the oil layer for fear of letting air in too soon. Two or three minutes 
or more should be allowed for fixation. After this period the suspension is roiird 
again with the pipet to insure a uniform distribution of cells. 

6. Remote a few drops from the tube, wipe away the excess oil from the tip* 
and place a drop on a glass slide. 

7. Cover and examine. 

8. The percentage is calculated in the manner of the differential leukoc)te count 
The saline-citrate, the paraffin oil, and the formalin arc to be kept in separate 

bottles, stoppered and labeled. One pipet is to be used lor handling the saline 
citrate solution, one for the paraffin oil, and one for the formalin. Mark these 
pipets appropriately because a trace of formalin in the blood prior to sickling 
may prevent the deformity. 

Permanent preparations can be made by making smears; air dry and fix in flame* 
Stain with 1 per cent aqueous solution of fuchsin. Formalin treated cells do not 
«tain well with Wright’s stain. 

METHODS TOR DETERMINING THE DIAMETER OT ERYTHROCYTES 
Method of Price and Jones. — 1. Prepare smears in same manner as for differ- 
ential counting. The films should be thin — the thinner the better — dry in air without 
heat. «"• • 

2. Slain with Jenner’s stain for 2 minutes, and after washing witli distilled walrt 
and drying, superstain with weak aqueous solution of eosin for 2 minutes. Th<^ 
details should always be adhered to since it is found that alteration* in the fixing 
and stating reagents can produce changes in the mean diameters of the cells. 
r 3. Adjust some simple form of projection apparatus for a magnification of 
1000 diameters and project the microscopic field onto a sheet of paper lying 
on the table. Outline in pencil the red cells. Two .diameters, maximum and mini- 
mum, of each cell is then measured to 0.5 mm. with a glass millimeter scale and 
‘ Am. J. Clin. Path ^ 1935. 5:325. 
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can be directly, expressed in terms of microns; the mean of these two measurements 
•is accepted as the diameter value of the cell. The mean diameter of several hundred 
cells should be taken to represent the mean diameter for any sample of blood. 
According to Price-Jones the normal range is from 4.75 to 9.5 microns. . . • 


■ METHOD FOR COUNTING RETICULOCYTES - • .V’ v ‘ 

1. Place in a small test tube the following solutions and thoroughly hiix,: ' 


Erilliant cresyl blue (Grubler) (sal. ale. sol.) 5 drops 

Neutral potassium oxalate (1 per cent) in sodium chloride \, ! -y - . , ; 
solution (0.85 per cent sol.) ...... .,25 drops 


2. Prick die finger and allow 2 or 3 drops of blood to fall into the stain. 

3. Mix thoroughly and allow to stand thirty minutes. ■ , 

;4. Centrifuge; pour off the supernatant fluid; transfer a small drop! of. sediment 
to a glass slide and make a thin smear. Allow to dry without heat. The sediment 
of cells should be of about the same density as the blood. To obtain this, le-rffe; 
about as much by. volume of the supernatant fluid as cells. Mix the cells thoroughly-; 
before smearing and make thin films so they will dry rapidly. ' y i' /- \ \ ' 

> 5. Stain with Wright’s or other suitable stain. ’ • -\y; 

. 6. Estimate the per cent of red cells that are reticulated. This can be done by 
’examining with the oil-immersion lens and counting 2000 cells, noting the number . ; 
of cells showing reticulum. ' , . ".'Vv-vA?;' "isi 


4 






number of reticulated cells 


20 


— -per cent 


i . . 


■ . \\ ‘ v 7 


Normal findings are from 0.1 to 1.5 per cent. An increase is considered one of ; - 
the early signs of regeneration of red cells. , . . !; ■ 




, Direct, Smear Method.— 1. Place a small drop of a solution of brilliant cresyl/ 
blue on the end of a. slide and allow it to dry. Many slides can be made and kept- 
on hand for further use.. . . '■ "V £ 


v* * • v-G, 


2. Prick the finger or ear and place a drop of blood on' the dye at one! end , of 
the slide. . v * ; 


!! . . 3. Mix the ; 'bloo‘d with the dye with a match stick or glass rod and allow to stand 
about 30 seconds; .'V ‘ ' ... ' 

* .'* .-a _ J:rr • Lij'i . ‘ ’ - •: ; •< . ^ 




4. Make smear in same manner as for differential- count. 
• ,5. Stain with Wright’s oir other suitable stain, 
for. the above metliod. 




' cresyl 



l AC 

[i&Wf 


V f- 


slides or coverglasses and counterstained with .Wright’s stain. 
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METHODS TOR COUNTING PLATELETS 

Principles.— 1. Blood platelets are stained by tlic polychrome dyes like tho 
of Wright and Renner and are spheric or ovoid, reddish to violet, granular both 
appearing as clumps in ordinary blood smears (Plate II). 

2. Because of clumping, special methods for counting ha\e been devised; dUid 
into those that compute their number in relation to the number of erythroryt 
(indirect) and those that make a direct count with a diluting pipeL 

3. The exact source of platelets is as yet unknown, hut it is generally believ 
that they are detached portions of the cytoplasm of megakaryocytes of the ho 
marrow (J. H. Wright) and have on important role in the coagulation of the blot 

Fonio’s Smear Method. — 1. Prepare and puncture finger with lancet and im- 
mediately place a drop of 14 per cent magnesium sulphate over the puncture 
before the blood begins to flow. 

2. With gentle pressure allow the blood to flow into the sulphate solution. 
When the proportion is about 1 of blood to 5 of sulphate, mix thoroughly. 

3. Transfer a drop to a clean slide and make a thin smear in same manner m 
..described for differential counts. Prepare several smears. 

4. Wipe the finger clean and proceed to make a red cell count. 

5. Stain the slide with Wright’s blood slain, being sure that the stain is of 
proper reaction to stain the platelets well as otherwise they may be palely stained 
and difficult to count. \ 

G. Cut a small square'fn a circular piece of paper and place it in the ocuhr 
of the microscope to reduce the sire of the field. 

7. Focus and count the number of erythrocytes and the number of platelets 
in the. field. Continue to count fields over various parts of the slide (center and 
both ends) until 1000 erythrocytes have been counted. 

8. The number of platelets counted to 1000 erythrocytes is multiplied by die 
number of thousands of erythrocytes as determined by the erythrocyte count. 

Example: Patient’s erythrocyte count is 4,500,000. The number of platelet* 
counted to 1000 erythrocytes is 39. Dividing the total erythrocyte count by 
to determine the number of thousands of erythrocytes gives 4500. Multiplying 39 
by 4500 gives 175,500 as the platelet count. 


number of platelets counted 


erythrocyte count 

X Tqqq = platelet count 


9. The normal is from 200,000 to 500,000 per cm of blood. 

Direct Method. — 1. Rapid work is necessary in order to prevent clumping ol 
platelets. 

2. With a red-corpuscle pipet draw one of the diluting fluids given below to 
near the 1 mark; then blood from a freely flowing puncture to exactly 0.5 and 
finally diluting fluid again to 101 (blood dilution of 1:200). 



y . fr ./.-;:; methods for, the examination of the blood . , 

Wright ani- Kinkicutt'S Diluting. Fluid , .< 

’• Vi 0, Brilliant cresvl blue (aq. sol. 1 : 3001 . ^ parts ^ '£ 

; . Potassium cyanide (aq. sol. 1:1400) . ., .. .. . 3 parts ^ , - • . . 

Sdtaiom separately. » dye: keeps inM,^ 

beeps; about ten days. .Mix and filter just before using. ■ • - / • -/fv-J./j- \-y- y 

ir : \ : ;■ r f .es and Ecker’s Diluting Fluid \ ..." 7 : f /. 

' : ' ' • : Sodium citrate (3.8 per cent aq. sol,) .... 1 00.0 .c.c. V. C ' 7 

jV: ■ Formalin ! * * * . ^ ^ : ; ■ 

; 7 ;•/ Byilliant cresyl blue .7^'-, ' ’ . y/. ( ■’ 


Filter, before using. ‘ 7 

•; Leake and Guy’s Diluting Fluid ' . 

■ , ,. .„ .... 94.0 c.c. " * 

v’V. L • Water (distilled) 

: . . ' , 6.0 c.c. 

< " •>' Formalin L 6.gm. 

Sodium oxalate . 0 .05 gni, 

; : ‘ Crystal violet .. 


,^,7 




The fluid is warmed, filtered and kept in a bottle rfeeps well). , 


• 3. Shake’ for 2 minutes. . ■ \ 

4-.. Fill, counting chamber as in making an erythrocyte conn ’■;.■■■ yr^y.y 

-.5, Allow to. stand for 10 minutes. . v- t!ve . '! >j •*: 

C). Examine with 10X ocular an - mi mie ei j 4000 to obtain the 

: 7.. Count the platelets in 200 small squares and multiply by MO . . • ... 

number per. c.mm. of blood. ; y ;.r 

J MiIH0D ,. m ; DETEE »mnwJ the coaotoahok time y py^ 

Principles. — 1 . men .he coagulation -«* £ 

££««% admixture . of Sue; 

.Lately correct and not entirely amendable. becatue 01 .. . . ... , ... , .... ;V t 
juices with the. blood. - A inuch less impressive : .7 

2. ’file coagulation lime is Ponged jn l«na neonatorumVobstructire • 
and .uncertain prolongation - . - mc 0 f the infectious diseases . -7 , ; 7, 

jaundice, some, anemias and eu fin^er and puncture as for -blood , count. 7 

>-■ CapiRary Tube Method.-— 1. and 3 to 5 couth; 

. -• 2. Fill. a capillary glass tube . fi p rea 4iJy by. capillary’ attraction if one ;,, 

’ meters long) -with biood The^tuje ^11^ _ ^^adow^rd.^ thetime. 

' . end touches the drop of blop * _ int en'al'. of -three, minutes, carefully Freak a 

■ 3. At half-minute . intervals a di it' in such a manner . that the broken : 

• small piece off, the end of the tube, holdin 0 ... ... . . ;; ; V : 7 .; , 
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ends are kept together; then separate the ends slowly and note if fibrin threads 
span between the ends. When the threads are seen to spread a distance of 5 milli- 
meters or more, note the time. 

4. The time between the filling of the tube and the appearance of fibrin threads 
is the coagulation time. The normal is from four to eight minutes with an average 
of about six. 

Drop Method. — 1. Cleanse and puncture finger as for blood count (puncture 
deep to insure free flow of blood). 

2. Place several drops on a clean slide (the drops should lie about 4 or 5 
millimeters in diameter). Note the time. 

3. At half-minute intervals draw a needle through one of the drops. As soon 
as the needle picks up fibrin threads and drags them along, coagulation lias taken 
place. Note the time. 

4. The time interval between placing the drop on the slide and the formation 
of fibrin shreds is the coagulation time. The normal time is betueen tno and eight 
minutes. 

Venous Puncture Method (Lee and White). — 1. With a small syringe, fitted 
rith^a gage 20 needle, puncture a vein at the elbow and collect 1 c.c. of blood 
Pinout using suction. Note the time. 

2. Remove the needle from the syringe nnd place the blood in a test tube having 
i diameter of 8 millimeters. The test tube should be absolutely clean and rin«ed 
vith •physiological sail solution just before the Mood is placed in it. 

3. Set the tube upright in a rack at room temperature or liettcr in a water bath 
>r glass of water nl n temperature of 75° F. 

4. At one-minute intervals tilt the tube to see if the Mood still flows. As soon 
ts it fails to flow and can be inverted, coagulation has taken place. 

3. The interval between the time the Mood is removed from the vein and the 
ime the tube can be inverted without disturbing the clot is the coagulation time. 
The normal time is from five to ten minutes. 

0. A control test is advised with the blood of a normal person. 

METHOD TOR DETERMINING THE BLEEDING TIME 
Principles. — 1. Tins test is useful in the diagnosis of hemorrhagic diseases and 
with the coagulation time as a preoperative test. 

2,. TVw. Twml y.w&vwj, vs, kswm vnt \o Voice ra'mtftes. Yt is prolonged Yn 
cases where the blood platelets are markedly reduced and jn chloroform and 
phosphorus poisoning; also in liver diseases which show a tendency to heroor* 
rhage. In hemophilia the bleeding time is normal. 

3. It is dependent upon the mechanical and probably the chemical action of 
the blood platelets; also upon the elasticity of the skin nnd the ability of the tissue 
juices to promote clotting. , 

Procedure. 1. Puncture the lobe of the ear or the finger so that the blood 
flows drop by drop without any assistance. 

2. Note the time the first drop appears. 
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3. Remove - With filter paper each drop as it forms, care being taken not to 
touch' the skin. - . " ' ' 

. ,4/. Note =the time bleeding stops. ' 

■- 5. The time interval between the appearance of the first drop and the removal 
; of the last represents the bleeding time. Normally it is one to three minutes. ‘ : - . J 

; METHOD FOB DETERMINING- THE PROTHROMBIN TIME 

7 This test is useful in the diagnosis of hemophilia. The prolonged prothrombin 
Ktime in' this condition is probably due to the failure of the platelets to disintegrate 
v and release thromboplastic material. ' . . ] ' . 

' - Howell’s Method. — 1. Secure 2 c.c. of blood by venous puncture in a syringe 
which has just been washed with physiological salt solution and without using 
-'suction. v • - • 7 

■ ■ -,-2. - Immediately place in a test tube containing 0.25 c.c. of a 1 per -cent solution - 

■ of oxalate in -physiological saline solution. / ' 

s 3.. Mix thoroughly by inverting and centifruge. . ' 

7 * Remove the clear plasma and place 5 drops in each of four small test lubes., 

>7 .. 5. ■ -Add 0.5 per cent calcium chloride as follows: - \ 

Y‘~\ - Tube 1 2 drops 

7, -7,7 T ‘ Tube 2 3 drops - ■ : 

' v - -‘,>'7' ' ' ■ .Tube 3 4 drops. ' 

' ,7/7; > : 7\ . Tube 4 5 drops 7: '7 

. 'i -’h. Note the time. ' . ' ; > 

. : 7. Mix gently and observe coagulation in the same manner as described above 

under venous, puncture method for coagulation time. When a tube can be. inverted V 

-without disturbing'lhe clot, coagulation is complete. Note the coagulation time of ' 

;, the, tube which coagulates first. This is the prothrombin time. Blood from a normal -.' 7 

, '7 person should be tested at the same time as a control and . for determining, the; 

prothrombin quotient of Jurwitz and Lucas: * ■' i 

' prothrombin time of unknown > - -> t 

■ ; — ; r— — — t~ = prothrombin quotient . ■ ,- : v f - r U 7 

•7.;. , ' - prothrombin time or normal * 

. . 8. The normal prothrombin time is about ten minutes. . . / 

y;-\- 7 9. Tile normal prothrombin quotient is about 1 and in hemophilia from. 5 to 257;. -: 

\7;‘ '7, V -METHOD FOE DETERMINING THE CALCIUM TIME 

This lest is used for determining if, in cases of prolonged coagulation .time,; The 
delay, in coagulation is due to a deficiency of calcium. . , ./ ., . 7 . 

' - Procedure. — 1. Secure 2 or 3 c.c. of biood by venous puncture. ‘J. ■ 7 ■ S ; 

77 2. Place 1 c.c. of blood in each of two test lubes having a diameter of 8 to 10 
millimeters. . ■ . - v[ , ' - ;- ’ • 7/'7 

7; 3, To one of the tubes add 3 drops of a 1 per cent solution. oLpalcium, chloride. '[{ 

■ 7 4. . Observe coagulation. If the tube containing the f, calcium Coagulates hvitKin.'.. 

, the normal time and the tube without calcium shows delayed; coagulation, the 
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prolonged coagulation time of the blood is considered as being due to a deficiency 
in calcium. 


METHOD FOR DETERMINING THE CLOT RETRACTION TIME 

After coagulation has taken place the clot will contract and express scrum. This 
is called retraction and the phenomenon appears to have some relation to the 
platelets. If the platelets are present in normal number, retraction occurs; if the 
platelets are greatly diminished, retrartion will he retarded or ah«cnt. The test 
has no relation to the coagulation time even in hemophilia where the retraction 
is normal. 

Procedure. — I. Secure 2 or 3 c.c. of blood by venous puncture. 

2. Place in test tube and incubate at 37® C.; observe occasionally for a period 
of a day or two. 

3. The first evidence of retraction is the separation of the clot from the wall 
of the tube and then the gradual expression of serum. Normally retraction is com- 
pleted in from eighteen to twenty-four hours. In thrombocytopenic purpura it 
may be retarded or absent. 


METHODS FOR DETERMINING THE SEDIMENTATION RATE 
OF ERYTHROCYTES 


Principles. — 1. It lias been known for centuries that in some acute infectious 
diseases the erythrocytes may become separated from the plasma even before 
coagulation has occurred. During recent years a number of methods have been 
devised for determining the sedimentation rate of these cells, especially in preg- 
nancy, tuberculosis, and acute haclerial infections. 

2. An increase or change in the electrical charge of the 
erythrocytes, on increased cholesterol content, changes in vis- 
cosily of the plasma, variations in the erythrocyte count and 
certain chemical changes in the blood have been ascribed as 
causative factors, but none have been definitely proven or 
accepted. 

Collecting and Adjusting Blood Sample.— 1. Cleanli- 
ness and dryness of apparatus arc essential. 


Fic. 82 . — Cdti.eh 
Blood Collecting 
Trse 


2. Place 1 drop of a saturated solution of potassium oxalate in a dry', clean 
lube (Fig. 82). This will prevent the coagulation of 8 to 10 c.c. of blood. Heller 
and Paul recommend 4 mg. solid potassium oxalate and 6 mg. solid ammonium 
oxalate for 5 c.c. of blood. 


3- Obtain by venous puncture 5 to 10 c.c. of blood and place in tube con- 
taining anticoagulant, the amount depending upon the type of tube selected for 
performing the test. 

4. Mix gently by inverting the tube several times. 

5. Make an erythrocyte count or determine the volume of packed cells. If the 
count is between 4.5 and 5.5 million or the volume between 45 and 55 per cent, 
the specimen is suitable for testing. Otherwise, the erythrocyte concentration should 
be corrected as follows: 
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"m 'g&Jtzz »■>« ^^,1 

concentration by volume or count. . 

! A ^ Tnfpl volume of blood sample to be corrected in c.c. • 

" ; R — Packed cell volume in c.c. per 100 c.c. of Hood or the R.B.C. in nnllionp 
cZnWH peeked cell volume in c.c. per 100 c.c. of blood, or the R.B.C. 

' The frt Wn cun be used when the cell volume or cell count « % 

: than ilyat desired. Nr-. c.c. of plasma to be removed: .. ; 


X=fxA 


: " TbcdiiWing formula can be used w.tn the cel, volume or cell connt.is morb 

tliari that desired. X = c.c. of plasma to be added: . . . 

■:-'i n'h-N , . X ~ v: A 


p— e.-,. conect . 

one h«r. « C*** bus occurred, the , 

sample of blood is unsatisfactory for tesUng. - . .. . 

. . 2. Carefully fill the sedimentation tube ^ L 

'■ to :tlie top -graduation, avoiding bubbles. A ' ' ■ ! 

A description of some special tubes which . H ' / , 

; are used for this test are listed below. 1 . v, ' 

' ? 3. Immediately place the tube in a ver 1 I II 

iticai position and note tlie time. It is not t j . - ; : ' : . 

'sufficient to place the tube in an ordinary = ? ' t ; ' 

. test tube rack and depend upon the eye to g | , • . . 

determine its position. A special rack fsec j j: . . 

Fig, 83) should be used which will insure | \ - ' ■ ;V , 

. a vertical position of the tube an tien i j | ' I ' 

is necessary to place the rack on a level I L_J L . v v ^ It,;- 

' platform or tabic.. The Wcstergrcn tube J 

, (Figc 84 ); may be suspended after p a „ fej/j.J.-’.r’& ri 1^S3gSS3BS && 

rafeotter pin in the “ c . m.Swm^ncs Tone Surroer' ( 

closing , the opening at tt FO n Westeucren Tubes 

rubber, bulb or band (see Fig. 85). ■ .y; ,, ;.v'; V' 

]\ : 4. Allow the tubes to stand a e sedimentation of the erytbro^tes.by 

, ; temperature (22° to 27° C.) and observe tl ^ haTe ebuled from the 

■ determining. the distance m mi ime reading can be. made directly froril." 

b: . top. Most of the tube, are *«•£££, can bo made with a millimelep 
; ; - .. the tube. If other tubes are used the mea. ' y , . / r ■ . *• 

rule - ■ : : v Winder Tube .— Length TOmSs internal diameter ap- 

Sedimentation Tubes.— C-utler d {rom 0 to 40 mm. in single milli- 

^ proximately 5 mm* capacity 1 c.c., gr , . - , ; V •. • 




. V- . 




Fic. 84. — Westth- 
c«r,s Blood Sedi- 
mentation Tube 
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meter divisions (see Tig. 75). The Cutler fed i men tat ion pipet is shown in Fig. 

87. 

W ester gren Tube . — Length 300 mm. graduated from 0 to 200 mm. ir I ran. 
intervals; capacity approximately 1 c.c. (Fig. 81). 

Wintrobe Tube . — Flat bottom glass till* 110 mm. long, with 
3 mm. uniform bore, graduated from 0 to 10 cm. in 1 nun. 
intervals (see Fig. 88). 

If a special tube is not available a 1 or 
5 c.c. pipet can lie u«cd. The blood is 
drawn up to the desired height, plugging 
the lower end with rubber stopper and 
suspending with cotter pin. The amount 
of sedimentation is measured with a milli- 
meter rule. 

Sedimentation Rate (S.R.). — This 
represents the velocity of sedimentation 
per unit o! time. It is common practice to 
express it in millimeters at the end of 
one hour. 

Sedimentation Time (S.T.).— The 
time in minutes required for the crjthro- 
cytes to settle to the point of packing or 
until sedimentation has practically ceased. The normal sedi- 
mentation time is always a question of hours. It is seldom 
determined in routine work. 

Sedimentation Curves. — If readings are made at short 
intervals and plotted against time, curves will occur which 
can be divided into two phases, the first being that part of 
the curve representing the rapid and orderly sinking of the 
cells, and a second, a progressive slowing of the rate due to 
the concentration and packing of the cells 
in the bottom of the tube. For this reason 
the sedimentation rale should be deter- 
mined during or at the end of first phase. 

Therefore, a tube with a column suffi- 
ciently high to permit the first phase to 
continue until the end of the time unit selected should be used- 
If, however, curves are desired, then a short tube such os rec- 
ommended by Cutler should be used in which case the first 
phase will be ended within one hour in those coses showing 
marked increase in sedimentation rate. Cutler describes a 
method for plotting multiple readings against time resulting in certain curves to 
which he gives special significance (see Fig. 89). 


t 


Fic. 85. — Method 
or Suspending the 
TTestercren Tube 


Fic. 86— Cim.ni 
Blood Sedimenta- 
tion Tube 
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Normals. — The normal range for men is 0 to 8 and women 0 to 10. The nor 
mals are applicable to all tubes where'as abnormal readings in one tube are nol 
necessarily comparable to readings in oilier tubes. When reporting the sedimenta- 
tion rate the type of tube used should always be mentioned. 

Factors Influencing the Sedimentation Rate. — (a) Anticoag- 
ulants with the probable exception of heparin influence the sedi- 
mentation rate. It is only when the anticoagulants recommended 
are used in propel doses is this influence eliminated to an accept- 
able degree. 

(b) The bore of the tube does not influence the rate with the 
exception that tubes less than 2 mm. in internal diameter are un- 
satisfactory because sedimentation is uneven in such tubes. 

(c) The length of the tube is a factor in influencing the sedi- 
mentation rale. The longer the tube, the greater the rate; however, 
the distance traversed is not directly proportional to the distance to 
be tra\ ersed, > c.g., the sedimentation in a tube of 300 mm. may be 
only slightly greater than in a 100 mm. tube at the end of 1 hour. 

Greater changes in the sedimentation rale occur with shorter tubes due to the 
influence of packing. 

(d) The inclination of the tube influences the late. Deviation of the sedimenta- 
tion txibe from the perpendicular position causes an acceleration of the sedi- 
mentation rate. 

(<?) The time interval between collecting the blood and start- 
ing the test is a factor. A delay causes a decrease in the rate. 
Wintrobe and Andsberg found a significant difference after 4 
hours using a 100 mm. tube. Bocmer and Flippin report a sig- 
nificant difference at the end of 1 hour using a 200 m.m. tube. 
Bloods vary greatly in this respect; in some the difference in 
stability occurs much earlier than in others. 

(/) The temperature at which the test is conducted influences 
the rate. The higher the temperature the greater the rate. There- 
fore it is important to conduct the test at about the same room 
temperature. 

(g) The concenh ation of the cells is an important factor. 
The more dilute the blood the greater the rale. This factor can 
be eliminated by adjusting the concentration of cells by the 
methods described above. 

(h) There is no doubt that other factors may influence the 
test. 

) 

METHOD FOR DETERMINING THE TONICITY (FRAGILITY) 

OF ERYTHROCYTES 

Principles. — 1. Normally human erythrocytes carefully collected without in- 
jury can remain for two hours at room temperature in solutions containing 0.42 


If 


Fig. 88.— Win- 
trobe Blood 
Sedimentation 
Tote 



Fig. 87. — Blood 
SlDIMENTATION 
PlPET 



Fic- 89.— Blood Sedimuxtatiot Chart and Graphs 
Horizontal line represents clinically healthy individual: diagonal line represents clinical!; 
quiescent tuberculosis; diagonal curve represents clinically slightly active tuberculosis; vertical 
curve represents clinically marked active tuberculosis. (J. W. Cutler.) 
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to 0.44 per cent sodium chloride before hemolysis begins, while under these condi- 
tions hemolysis is complete in 0.36 to 0.32 per cent solutions. 

2. The point of beginning hemolysis is called minimal resistance, while the 
point of complete hemolysis is called maximal resistance . The foimer is of more 
diagnostic value than the latter. 

3. After splenectomy resistance increases; in various diseases of the blood, 
variations from the normal may occur. 

Sanford's Method. — 1. Place twelve small test tubes in a rack and mark them 
from 1 to 12. 

2. To each tube add the amount of 0.5 per cent salt solution and water as 
indicated in Table VI. The 0.5 per cent salt solution is prepared by placing C. P. 
sodium chloride in an oven for thorough drying and then dissolving 0.5 gm. in 
exactly 100 c.c. of distilled water: 


TABLE VI 


Tube No. 

0.5% Saline 

Water % NaCI 

1 

1.25 c.c. 

0 = 0.5 

2 

1.20 c.c. 

0.05 c.c. — 0.48 

3. 

1.15 c.c. 

0.10 c.c. = 0.46 

4 

1.10 c.c. 

0.15 c.c. = 0.44 

5 

1.05 c.c. 

0.20 c.c. — 0.42 

6 

1.00 c.c. 

0.25 c.c. ~ 0.40 

7 * 

0.95 c.c. 

0 30 c.c. = 0.38 

8 

0.90 c.c. 

0.35 c.c. ~ 0.36 > 

9 

0.85 c.c. 

0.40 c.c. =034 

10 

0.80 c.c. 

0.45 c.c. = 0.32 • 

11 

0.75 c.c. 

0.50 c.c. = 0 30 

12 

0.70 c.c. 

0.55 c.c. = 0.28 


3. Take the tubes in a rack to the bedside of the patient. Obtain 1 or 1.5 c.c. 
of blood from a vein with a small dry syringe and No. 21 needle and at on6e add 
1 drop to each tube (Fig. 90) . 

4-. If some time must elapse before the blood can be added, it may be mixed 
with 5 volumes of a 1 per cent solution of sodium citrate in physiological saline 
solution. Mix well. Centrifuge. Discard the supernatant fluid. Add an equal volume 
of saline solution to the corpuscles (gives a 50 per cent suspension) and add 1 
drop to each tube. 

5. It is advisable to prepare a similar set of tubes, using the blood of a normal 
person as a control. 

' 6. Allow the tubes to stand at room tempelature for two hours. 

7. Read the results noting the per cent of NaCl in which hemolysis begins and 
the first lube showing complete hemolysis. 

8. Normal blood begins to hemolyze in 0.42 or 0.44 per cent sodium chloride 
and is completely hemolyzed in 0.36 to 0.32 per cent. When a control is used, a’ 
variation of 0.02 or 0.04 may be considered quite definite. Sanford found the 
average figures for beginning and complete hemolysis in 23 cases of hemolytic 
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jaundice to be 0.478 and 0.413 respectively; in chronic obstructive jaundice, 0.3% 
and 0.31. In secondary and pernicious anemia the figures vary only slightly from 



Fic. 90— FBACiLrrv Test; Anni'c the Hlooi> 

(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods, W. B. Saunders 0>.) 


the normal, with a tendency to slight increase of resistance. In purpura, resistance 
is normal. 

METHOD TOR DETERMINING THE PHAGOCYTIC POWER OF WHOLE BLO0D 

Principle. — The ability of the blood to clear itself of bacterial invaders depends 
to a large extent upon the ability of the leukocytes to ingest and destroy them 
(phagocytosis). To measure this phagocytic power, bacteria arc brought into con- 
tact with the living leukocytes of the blood and the ability of the cells to inge*t 
the bacteria is determined. 

Preparation of Bacterial Suspension. — Inoculate buffered broth with the 
organism to be tested, the amount depending upon the number of tests to lie con- 
ducted, The broth is then incubated for 10 to 2 1 hours at the end of which time, 
if satisfactory growth is obtained, it is centrifuged. Rerno\e the supernatant fluid 
and resuspend the sediment in 10 c.c. of sterile saline or buffered broth. Centrifuge 
a second time. Remove the supernatant fluid and resuspend again in 10 c.c. of 
sterile saline or buffered broth. Centrifuge a third time. Remove the supernatant 
fluid and re-suspend in 1 to 2 c.c. of saline or broth depending on the amount 
of sediment obtained. Make a bacterial count using the Pctroff-Ilau sser counting 
chamber. Adjust the concentration of the bacterial suspension to a suitable value; 
for smooth pneumococci about 6 billion bacteria per c.c. and for staphylococci, 
about 800 million per c.c. have heen found suitable. Other simpler methods far 
estimating the bacterial content may by experience prove sufficiently reliable. It is 
not necessary to take precautions against contamination during or after the prep- 
aration of the suspension, since it is used on the same day. Killed organisms can 
be used, but they often stain poorly and therefore make more difficult the examina- 
tion of smears 
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^^icoagTllant.— Prepare a stock solution of purified, heparin hy dissolving 25, ■ 

; mg. iu 5 c.c. of 0.85%, salt solution. This solution can be sterilized by autoclaving. . • 
it has been found to keep well for a week or two without marked 'deteriorations 
The amount used .with- human blood is 0.05 c.c. of the slock solution which amounts 
,to Q.25;rrigl For dog blood, twice the. amount, of 01 c.c. of tli'e stock sdlution -is • 
if* used. Parallel:' tests of heparinized blood and blood without any. anticoagulant ’ V- 
; resulted in. the same degree of phagocytosis, thus showing that this ; anticoagulant 
did not interfere with phagocytosis.. Although the purified heparin is recommended f 
: . ; the less expensive jmpurified product can 
be. used. .y ■■ v '.** 

. : Procedure . (Boerner, and Mudd). 8 — 

. Place 0.05 c.e. of stock solution of heparin 
in a test tube for -each c.c. of blood to be 
•V .obtained: / . 

2 . Obtain blood by venous puncture and 
vplace in tube containing the heparin. Mix 
gently. 

V; , . 3. Place 1 c.c. of heparinized blood in a 
.short lest tube, 15 mm. x 75 mm., and 
place in agitator bath (see Fig. 911. The 
water, in the bath should he between 37° 
i and 38° C.: 

: : 4., Add .0.1 c.c. of bacterial suspension 

7 ., to the blood, note time and mix quickly 
f by gentle agitation. Start agitator. 

,, , . 5. At regular, intervals of lime remove 
. by means, of a capillary pipet sufficient 
• ... blopd for making a smear in the same way y IC> gj, — B oernek-Mudd Shaking., Api*a-. 

* y as is usual. for differential counts of blood. ratus for Phagocytosis , 

This can be done without stopping the agi- , , '•■’.‘‘•A. 

tator, by dipping the pipet in the blood and removing quickly. A new,.;pipet should ,/ 

'» he used for each sample. The slides should be perfectly clean and the ones used 
/F'- for: spreading the film should have the corners cut off, so that the width oi the 
. : film will he somewhat smaller than the width of ' the slide. This is done, so the . 

.edges of the film are more easily examined. The interval of time that has prqven .. y) 

. most satisfactory has been 3 minutes. In some instances, where phagocytosis is ■ . 
rapid, examinations must be made at one-minute intervals. The smears should, be , * 
thin’ enough, to dry rapidly. ' V ')-y 

, ; 6. Fix the. smears in methyl alcohol for 10 minutes. - - -1 '? ',,yi'Sy 

; V:: 7. Stain the Giemsa stain. It is advisable to make a few extra, slides at the end ;. 

; of the test for the purpose of testing the stain before staining the test slides. . ■ ' ; g. O V 

' 8. ;WKen making smears by the method just described, yit will- be found .that.'/ y g; 

.the neutrophils are much more numerous along the edge of the film. This : .. 

A y ; s Am. h M: Sc., 1 935, 189:22. ' - . F . W : v. j ^ ’ 'F ,'y , ; ; f'A V, ; F 
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arrangement of the cells facilitates the examination by making it easy to locate 
the cells, and prevents the possibility of counting the same cell twice. The smear 
is examined by focusing the edge at one end and examining the cells found along 
or near the edge, always moving the slide in one direction. If sudicient cells are 
not found then the other edge should be examined. The cells should be classified 
as positive or negative for phagocytosis. The results are expressed in terms of 
percentage of positive cells. At least 100 cells should be classified. Cells which 
are clumped so their cytoplasm cannot be clearly outlined or cells which are 
broken up or degenerated, should be omitted. Only cells which have organisms 
within their cytoplasm should be considered positive. When bacteria arc merely 
adherent to the cell or appear partly ingested, the cell should be classed as negative. 

9. A count which is more satisfactory when there is an abundance of phago- 
cytosis is made by scoring the number of bacteria taken up by each of 100 
leucocytes, a score of 3 being given to a cell containing 1 to 5 bacteria, 8 to a 
cell containing 6 to 10, 15 to a cell containing 11 to 20 and 30 to a cell containing 
more than 20 bacteria. The total score is added up and divided by 30; thus if 
each cell has ingested more than 20 bacteria the score will be 100. 

10. Curves can be obtained by plotting the per cent of positive cells against 
the time intervals. 

METHOD FOR EXAMINATION OF TIIE CELLULAR CONTENT Or 
BONE MARROW 

Principle. — When disease of the hcmopictic system is suspected and the blood 
picture is unusual or the changes insufficient to establish a diagnosis, the examina- 
tion of the bone marrow is often of diagnostic value. 

Procedure.— 1. Anesthetize the skin locally over the sternum. 

2. Incise the skin midline over the mid portion of the sternum down to the 
periosteum. The length of the incision should be about 1 cm. 

3. Introduce through the incision a large bore needle with guard set at J /l im-h 
from point. 

4. Push the needle through the anterior table of the sternum and aspirate a 
few drops of marrow into the needle only, not the syringe. (If the sternum is 
unusually dense a trephine may be used.) 

5. Mix the aspirated marrow thoroughly with 0.3 c.c. of the patient’s scrum 
pvtvraosYy obtained. 

6. Make smears on slides in same manner as for differential count. 

7. Close the incision with stitch or adhesive and dress. 

8. Figure 92 shows photomicrographs of hone marrow prepared by the method 
oi Custer (see Chapter XXXYI1I for technic and additional illustrations). 

THE DAVIDSOHN PRESUMPTIVE TEST FOR INFECTIOUS 
MONONUCLEOSIS » 

Principles. The lest is based on the agglutination of sheep erythrocytes by the 
heterophilic antibodies in the serum of patients with infectious mononucleosis. 

0Am. }. Dis. child, ms, 49:1222 1231 ; Am. /. Clm. Path , 1935 . 5 : 455 . 
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.aterials Required,— 1 . Test tubes: 75 mm. long and 9 to 10 mm. in the 
3e diameter. . • 

; Blood serum inactivated for -30 minutes at 56° C. . ■ : . , . 

. A , 2% suspension of sheep red corpuscles. The preparation 5 of the sheep 



’ Fic. 92. — Cellular Content of Bone Marrow 

• Upper left: Normal sternal bone marrow; upper right: sternal bone marrow in pernicious 
, -anemia;, lower left: sternal bone marrow in hemorrhagic anemia; lower right: sternal bone, 
marrow in idiopathic hypochromic anemia. 

(Courtesy of Dr. It. P., Custer) 


corpuscle suspension is identical with the procedure outlined in the chapter on the 
. Kolmer Complement Fixation test, for Syphilis. The sheep, blood should he not 
. less than 24 hours old and not older than about one week, because later the cells 
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tend to become too easily agglutinable. The suspension must Ire prepared from 

cells that were washed on the same day. 

Procedure.—' The titration nf the agglutinins is performed with 0.25 c.c. of the 
serum dilutions ranging from 1:7 to 1:7168. The l>cst way to prepare tlio«e 
dilutions is to place 0.4 e.c. of physiologic sodium chloride solution in the first 
test tube and 0.25 c.c. in the remaining 10 test tubes. Tire final dilutions of serum 
are considered the titer. 

1. To the first tube add 0.1 c.c. of scrum. 

2. Mix and transfer 0.25 c.c. to the second tube. Mix the second tube and transfer 
0.25 c.c. to the third, etc., until the lost tube is reached from which 0.25 c.c. arc 
discarded after mixing. 

3- Add 0.1 c.c. of a 2 per cent suspension of sheep red blood cells. 

4. Shake the test tubes and leave at room temperature for two hours. 

5. The results are rear! after shaking the test lulu's. The shaking is continued 
until die entire sediment is suspended. The test tubes in which after shaking the 
cells remain in the form of a single clump are read as 3 plus. Those in which 
the cells break up into distinctly visible clumps and the fluid is clear ond trans- 
parent, ore called 2 plus. The reading of the 1 plus agglutination is be«t carried 
out by means of n low power objective of the microscope (f. i. a 32 mm. objects e). 
The test tube is placed horizontally on the stage after the lube was shaken and 
in this way one can determine the end point of die agglutination with the greatest 
accuracy. However, after one acquires some experience, one can determine the 
end point fairly accurately with the naked c\c. U is usually 1 to 2 dilutions lower 
than the liter determined with microscope. When time permits, it is advisable to 
repeat the reading after an overnight incubation in the ice-box. The titer is then 
usually 1 to 2 dilutions higher. 


TABLE VII 
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6. One control is used consisting of 0.25 c.c. of physiologic sodium chloride 
solution and 0.1 c.c. of the sheep cell suspension. 

The technic of the test is summarized in the table. 

Interpretation of Results.— The finding of a titer of at least 1:224 in a person 
who did not receive an injection of horse serum or of horse immune serum in 
the recent past and who presents a clinical picture and hematologic findings 
suggestive of infectious mononucleosis indicates with a high degree of probability 
the presence of infectious mononucleosis. 

A titer of over 1 :224 should be considered as positive even if there is a history 
of horse seiuin administration, unless the patient is suffering at the time of ex- 
amination from serum disease or unless he bad recently gone through an attack 
of serum disease. Such titers were mainly encountered in the course of serum 
disease and for relatively short periods afterwards. 

THE DAVIDSOHN DIFFERENTIAL TEST TOE INFECTIOUS 
MONONUCLEOSIS 

Principles, — -The heterophilic antibodies (antisheep agglutinin) in infectious 
mononucleosis are not of the Forssman type. They are not absorbed by a suspen- 
^ sion of guinea-pig kidney. The heterophilic antibodies in serum disease are of 
the Forssman type and aie readily absorbed by a suspension of guinea-pig kidney. 

The antisheep agglutinins are absorbed by boiled beef red corpuscles from the 
sera of patients with infectious mononucleosis and with serum disease, but not 
from normal sera. 

Preparation of Reagents.' — 1. Guinea-Pip Kidney . — The kidneys of the guinea- 
pig are kept frozen in the jefrigerator until needed. They are then thawed and 
washed repeatedly in a physiological solution of sodium chloride until the wash- 
ings are free of blood. They aie now mashed into a fine pulp and used for absorp- 
tion as a 20 % suspension in physiological salt solution. The suspensions are boiled 
for one hour on the water bath and the loss by evaporation made up with distilled 
water. 

2. Bee. j Cells . The beef red cells aie washed 3 times, packed well in the centri- 
fuge, suspended in four volumes of a phj siological sail solution and boiled for 
one hour on the water bath. The loss by evaporation is made up with distilled 
water. 

Enough phenol is added to the antigenic suspensions to make a 0.5 per cent 
solution. The antigens may he kept in the ice-box for many months without a 
noticeable change. 

Absorption with Boiled Guinea-Pig Kidney Antigen.— 1. Place in a test 
tube (85X13 mm.) 0.5 c.c. of the thoroughly shaken 20^ suspension of boiled 
guinea-pig kidney. 

2. Add 0.1 c.c of serum dial has been heated for 30 minutes at 56° C. 

3. Shake and let stand at room temperature for one hour, shaking at 15-minute 
intervals. 

4. CentiiFuge at 1500 revolutions for 10 minutes. 
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5. Remove the supernatant fluid with a capillary pipct. 

6. To a row of six tubes (75X12 mm.) add 0.25 c.c. of physiological salt 
solution. 

7. To the first tube add 0.25 c.c. of the absorbed scrum. 

8. Mix and transfer 0.25 c.c. to the second tube, etc. Discard 0.25 c.c. from the 
last tube. The serum dilutions are: 1:10, 1:20, 1:10, etc. 

9. Add 0.1 c.c. of a 2 per cent suspension of sheep cells. Shake well. Final 
dilutions of serum are 1:14, 1:28, etc. Let stand at room temperature for 2 hours. 
Read. 

Absorption with Boiled Beef Corpuscle Antigen. — Exactly the same pro- 
cedure as above, using 0.5 c.c. of the thoroughly shaken 20 /c suspension. If it is 
necessary to begin with dilution of 1:7 as may he the case in scrums with titers 
below 1 :112, then add 0.2 c.c. of serum to 1 c.c. of the antigen suspension. For 
titration, omit the physiological salt solution from the first tube, but in the other 
tubes, place the usual amount of 0.25 c.c. From the nh«orhed serum, odd 0.25 C-c. 
to the first and to the second tube. Proceed os above. Final dilutions are: 1:7, 
1:14, etc. 

Control with Unabsorbed Serum. — At the same lime carry out a diagnostic 
test on unabsoibed scrum according to the previously outlined technic to have » 
basis for comparison. 

Interpretation of Results. — In the cose of infectious mononucleosis, the absorp- 
tion of the scrum with the suspension of the guinea-pig kidney will effect a partial 
removal of the agglutinins for sheep red cells, hut not Ie«s than one- fourth of the 
titer will remain: f. i. the titer before absorption 1 :112, after the absorption with 
the guinea-pig kidney 1:28. If all or almost all of the agglutinins were removed 
then this speaks again«t infectious mononucleosis. The absorption with ox cells is 
a confirmatory procedure. The agglutinins for sheep red cells are completely or 
almost completely removed by beef cells. 

Indications for the Differential Test. — 1. A history of a recent injection of 
a horse immune serum or of scrum disease in the recent past in a patient with a 
titer of heteropbilic antibodies of 1:224 or over as determined witli the presumptive 
test for infectious mononucleosis. 

2. A borderline titer of heteropbilic antibodies (1:56 or 1:112) as determined 
with the presumptive test for infectious mononucleosis. - 

METHODS POE EXAMINATION POB MALARIA 
Malaria is a disease due to the invasion of the red corpuscles by animal parasites 
belonging to the genus Plasmodium. 

Three species are of importance: Plasmodium. vivax, producing tertian malaria, 
with paroxysms recurring every 48 hours; Plasmodium malariae, quartan malaria, 
with paroxysms recurring in 72 hours; and Plasmodium falciparum, producing 
malignant tertian or estivo-autumnal malaria, paroxysms recurring irregularly. 

The life cycle of the parasites consists of a sexual phase, taking place in the 
body of a mosquito (anopheles) , and an asexual phase within the red cells of man. 
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MALARIAL PARASITES 
Wright’s stain. X 1000 (1 mm. = l/i). 
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Fig. 1. — Estivo autumnal malaria; exact reproduction of a portion of a field 
showing an exceptionally large number of parasites. 
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Tertian parasites. A, Eight hours after chill, showing malarial stippling, five young parasites, 
and one gametoevte, from two slides; B, twenty-four hours after chill, five half-grown parasites: 
one gametocyte; C, during chill, one piesegmenter. two segmenters, a cluster of freshly 
liberated merozoites, and two veiy young parasites, from one slide 

(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods , W,' B. Saunders Co. 
Philadelphia.) 
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The laboratory diagnosis is established, by (1) Direct examination of fresh blood. 
(2) Examination of stained blood smears (a) thin smear method (recommended) ; 
(6) thick smear method; (c) concentration method. (3) Culture (usually omitted 
in routine examination). 

Fresh Wet Blood Method. — 1. Use perfectly clean and grease-free cover 
glasses or slides. 

2. Puncture the finger or lobe of the ear and take up a small drop of blood by 
touching same with center of a cover glass. 

3. Place on slide so that the blood will spread out in a thin film. 

4. If examination is prolonged, seal edges of cover glass with melted vaselin 
to prevent drying. 

5. Examine at once with oil-immersion objective. 

6. The best time for examination is six to eight hours after a paroxysm, but 
the parasites can be found at other times and the examination should be made 
without any special reference to the occurrence of paroxysms. 

Thin Smear Method. — 1. Smears are prepared as for differential leukocyte 
count but so thin that the red cells lie flat and well separated. 

2. Fix and stain with Wright’s or Giemsa’s stain in same manner as staining 
for differential leukocyte counts. 

3. Dry and examine with 1/12 oil-immersion objective. 

4. The smears must be well stained for satisfactory results. Unless the nuclei 
of leukocytes are well stained and have the proper reddish-purple tint due to 
proper staining of the chromatin, the chromatin of the plasmodia will not be 
properly stained. Good and poor areas may occur on the same slide. 

5. Malaria plasmodia are in the erylhroc) tes, and no object should be considered 
as a probable plasmodium unless it is so situated. 

6. With Wright’s or Giemsa’s stain the chromatin of the parasite will take on 
a ruby red color, the protoplasm of the organism a sky-blue (pale blue), the 
pigment a black or dark brown, and the blood platelets and the nuclei of the 
leukocytes a reddish purple. 

Great care should be exercised to avoid mistaking the blood platelets accidentally 
superior posed upon red cells for malarial parasites. These platelets are frequently 
surrounded by an unstained halo. Precipitated slain, dirt, bacteria, etc., may con- 
stitute other sources of error. 

Precipitated stain granules may be removed by immersing the slide for a 
second or two in 95% alcohol and immediately washing with distilled water. 

Thick Smear Method of Barber and Komp. — 1. It is essential to carefully 
clean the skin with alcohol and gauze in order that the blood be free of dirt, 
bacteria, dust or other debris. The slides should be peifectly clean. 

2. Put on a drop three or four times as large as used for ordinary thin blood 
smears. Spread by dragging the drop on the surface of the slide with the sticking 
needle or corner of another slide. 

3. The smears should be dried enough to make them adhere, but too much 
drying will prevent a clear staining of the parasites. In ordinary summer weather 
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shaped, o! a blue gray color, with considerable cliTomatin, and pigment near At 

center arranged more diffusely. 

In eslivo-autumnal malaria smears of the peripheral blood will show only the 
rings and the crescents. 

METHODS OF EXAMINATION TOR MICROFIDARIA 

The ftlaria infest the deeper ti«sues of man and require an insect intermediate 
host. 

The following species must be differentiated: (1) Filaria bancrofli ({Tunchtr- 
eria bancrofli, Filaria aanguiix's hominis ) ; (2) Lpa laa ( Filaria loa, Filaria 
ocufi) ; (3) Filaria perslans {Acamhocheilonema perslans). 

The diagnosis is eslablislicd by examining the peripheral blood for the micro- 
filaria as follows: Examination ol fresh unstained blood (n) by direct method (b) 
by concentration method (c) by staining method. 

Direct Method. — 1. Puncture finger or lohe of ear and place large drop of 
blood on slide. 

2. Immediately cover with coverglass and examine with low-power lens. 

3. The larvae can be located by the disturbance they produce among the 
corpuscles. 

Concentration Method.— 1. Collect 1 c.e. of blood from car or finger puncture 
in 5 c.c. of 2 per cent acetic acid. 

2. Mix well and centrifuge. 

3. Spread sediment on slide, cover with coverglass and examine with low-power 
lens. 

Staining Method. — 1. Make blood smears in usual manner or Irom sediment 
obtained by the above concentration method. 

2. Dry, fix and stain by one of the methods for staining blood smears. 

Aids for the Species Identification of the Microfilaria. — The microfilaria 
are easily detected in the peripheral blood due to their large size, and their jnten- 
tionless lashing movement, which agitates the red cells and immediately attracts 
the eye when specimens are examined under the low poner of the microscope. 

Microfilaria Bancrofli. — The M. bancrofli is a sheathed embryo. It measures 
300 by 7.5 micra. It forms graceful curves, is regular in outline, and is rarely 
angleated. The head is the same width ns the body. The body matrix, which is 
made up of numerous nuclei, does not extend to the extreme limits of the tail, 
which is pointed. The embryos have a nocturnal periodicity. The blood should be 
examined from between 9 and 12 r.M. (See Figure 93.) 

Microfilaria Loa. — M, Loa measures 250 by 7 micra. It is a sheathed embryo, 
the body matrix cells extending to the extreme limits of the tail, and ends squarely 
at the head. Its outline is slightly irregular, the head slightly flattened and broader 
than the body. Its curves are not graceful. It lias a diurnal periodicity. The blood 
should be examined at mid-day. » 

Microfilaria Pen tana. — -This embryo is unsheathed, that is, the body cavity con- 
taining the nucleus is not covered by a surrounding layer or sheath. The head is 
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blunt. ;. the organism measures 200 by 5 micra. This embryo does not exhibit 
periodicity, and is usually, found in the peripheral blood at all times. f, > • N 
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Frc. 93 . — Larvae of Filafua Bancrofti 

• (After Rallliet. From Braun, Die thierischcn Parasitcn dcs Menscken, Bale Sons and 
Danlelsson, London.) , ' 

METHODS OF EXAMINATION FOB TBICHXNELEA SPIKAEIS 

r-- Examination of Blood for Larvae. — 1. ; The larvae are sometimes found in 
the blood between the sixth and twenty-second days after the onset of symptoms. 

2. A high eosinophilia is usually seen in differential leukocyte counts. 

3. Obtain 10 e.c. of blood by venous puncture. 

• / 4. Mix thoroughly with 25 c.c. of 2 per cent acetic acid. 

51 Centrifuge thoroughly. 

6. Examine the sediment either moist by placing a drop oh a slide and. covering 
with cover glass or by smears stained with Wright’s stain. 

7. The larvae are easily recognized. 

8. The results will be positive in about 50 per cent of the cases. : ' : 

, 9. .The larvae are also sometimes encountered in the spinal fluid after thorough 
centrifuging and preparing smears of sediment. ; . , , • \ , ' 
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METHODS or EXAMINATION FOE TRYPANOSOMES 
Several important diseases of man and the lower animals arc caused by species 
of the genus Trypanosoma: 


TABLE VIII 
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4. In the early stage of sleeping sickness and during the febrile stage of Chaga’s 
disease, the organisms can usually be found by this method. 

Concentration of Blood. — 1. Thoroughly centrifuge 10 e.e. of citrated blood. 

2. Make smears from the leukocytic cream layer, which is just above the packed 
red cells. 

3. Stain with Wright’s stain. 

Examination of Lymph Glands.— 1 . Aspirate a lymph gland with a large 
hypodermic needle and sjringe. It is sometimes necessary to first inject a few 
drops of sterile saline solution. 

2. Prepare smeais and stain with Wright’s slain. 

3. This method is recommended when the peripheral blood examination is 
negative for Trypanosoma gambiense. 

Examination of spinal Fluid. — 1. Make spinal puncture and withdraw about 
10 c.c. of fluid. 

2. Centrifuge for fifteen minutes. 

3. Prepare smears of the sediment and stain with Wright’s stain. 

4. The spinal fluid examination is useful in the late stages of sleeping sickness 
when the other methods are negative. 

Animal Inoculation. — 1. Inoculate white rats intraperitoneally with 1 c.c. of 
blood or tissue juice from suspected case. Rats and mice are particularly suscep- 
tible. Guinea-pigs and labbits are also, but to a less extent. For Trypanosoma 
gambiense monkeys are preferred. 

2, Make daily blood smears. In positive cases the trypanosomes will appear 
between the third and fourteenth day and remain in the blood stream quite 
constantly. 

Complement-Fixation Test. — This test has been found useful in the diagnosis 
of dourine and the detection of carriers among the lower animals. Horses may 
tolerate an infection for one to three years, during which time they are capable 
of conveying the disease and yet remain normal in health and general appearance, 
and this method of diagnosis is, therefore, invaluable (Tyzzer). The test is similar 
to any other complement-fixation test except for the preparation of the antigen, a 
description of which is given in the section on serology. The test gives a group 
reaction, so the same antigen can be used for all species. 

The Species Identification of the Trypanosomes of Man. — Tire Trypano- 
somes are the most highly developed of the hemofiagellates. For species identifica- 
tion the worker must be fanriliar with the structural details described in tire 
paragraph below: 

The parasites have a fusiform body with pointed ends. They are flattened from 
side to side. In the central part is a large nucleus. In the posterior end a small 
chromatic mass is found called the “parabasal body.' 5 Immediately adjacent is a 
blepharoplast. from which an undulating membrane and marginal flagellum arise. 
The flagellum in most species, after forming tire edge of tire undulating membrane, 
extends beyond the anterior end as a free process of varying length. In Figure 94 
these structures have been represented diagramatically. 
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This test is not specific, the reaction being positive in tuberculosis, leprosy and 
malaria. 

Aids to the Identification of Leishmania. — The diagnosis of Leishmanial 
usually depends upon finding the so-called “Leishman-Donovan” bodies (Leish 
mania forms,). These are 2 to -1 micra in diameter, arc usually oval or rounded in 
shape, and are found within the large leticulo-cndothelinl cells of the tissue oi 
monocytes of the blood. They are said to somewhat resemble a cockle shell, bccauw 
ol the large eccentrically placed rhronutin bodies. The larger or nucleus is round 
or oval, in front of which is a rod-«hapc<l deep-staining body, the parabasal body 
and basal granule. 

Stained wills Lcishman’s or Wright’s stain, the protoplasm is a pale blue, lit 
nucleus stains dark, the parabasal body still darker. 

In culture, the organisms develop heplomonad forms I V to 20 micro in length. 
Some are fusiform in shape, with a centrally -placed oval nucleus and parabasal 
body at the anterior end, from which extend anteriorly the varjing-Iength flagellum. 
No undulating membrane is present. 



' CIIAPTEH V ' . : ;= 

i£§METBODS ’FOR . TI1E EXAMINATION OF URlNk^N : ;; 

HM.O COLLECTION AND PRESERVATION. V 

- T. If any dependable data are desired regarding the quantitative Cpmpositidh': 
f The urine* the examination of llie mixed excretion for twenty-four hours' is gen.-., 
rally necessary. In collecting the urine. the bladder may he emptied at' any ; ,gi.ven 
Qtiffi&.gi, -8 A.M., the urine discarded and all the urine voided' from, that hour -iipy 
aland including that passed the next day at 8 A.M.. saved,, thoroughly ' mixed aiid : 
[isainpio taken for analysis. ■ /• y • •■ ., ■ ■ 1 V. 

2. ypowdered thymol is not a wholly satisfactory, preservative, -evidence -haying . 
>ceii : presented to show that it interferes with the quantitative estimation -of : sugar., 
iCelbiie, and. diacetic acid. It also may give a Confusing reaction ih the nitric'.acid, 
est for albumin. ’.'; • ‘ ■ 

satisfactory preservative. • , > . . 

desirable to collect both day and 
night specimens, Urine voided between 8 A.M. and 8 p.m. may be taken as the : 
day sample, and that voided between 8 P.xf, and 8 a.m. as the night sample. 

The iqualilative -testing of urine samples collected at random, except in a 
fewlipeclfib'ihstaiicefe, is of no particular value in so far as giving accurate knewl- 
^dge pf tlie /exact urinary characteristics. In the great majority of cases, a sample 


'\‘{3V Toluol pyerlayed on the urine is a very s 
$-4?-;fn certain pathological conditions, it is 



>f;%jf8mj0e s ^pedijnens collected at varying times in the day may yield different 
.^iilis^p^faily fn amounts of sugar and albumin; this is a frequent reason for 
iyaryingriCpiorts from different laboratories examining specimens of urine pf the 
ysamltpcfibn^iltscted ' at different times. Single specimens should be labeled ipitli. 
■iih0iji(e'fSf%6idijig, Specimens voided two or three hours after , a meal are likely 
rio Vontaitpnjost sugar or albumin; those passed first in the mornihg are least likdly- 

.Hp^pnt'SiiuTH'cmV;' • ■ ; \.,y 

•f;ri?l^i^^t--inethpd$ and.- .variations in technic and skill, . hpwever, .probably; 
( fe|cpduuttTqi ftiost-.of -the discrepancies in Reports from different laboratories, fi ? '' 
i.ii, t'c tie/, .-I fnr rnllivtinn rvf urine • should be . bhehiienlLv olefin." and 



k tdriyold^th'e pdBsibnily of carrying over traces of ’albumin bud sugar. Traces of 
';;4yrupf jn;-:ipstiflieieritly washed medicine bottles are sometimes. ' responsible for; 
■y mistakes, -l-' ' ‘ ‘ r \ ./'T ’V;,;;Tpyy 

?;24ip.; Coiuaminalion with vaginal discharges may -account /for the pre'sencekpf 

- J27 ' ; . . yk -'=4; v : 4 : -' 
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albumin and pus; contamination with menstrual discharges may account 'for 
presence of albumin and blood. Both should be carefully avoided, ns veil 
contamination with feces. 

11. From 3 to 8 ounces of urine should be submitted for ordinary exammsl 

12. Urine to be examined for tubercle bacilli may be voided, although ll 
are chances of contamination with smegma bacilli. Urincfor other bacteriolog 
examinations should be collected sceptically by sterile catheter into sterile i 
tainers (uithout a preservative ) , as it is almost impossible otherwise to avoid ' 

terial contamination, espcci 
with D. coli and staphjlococc 
Methods. — 1. Give specific 
rections for collecting twe 
four-hour specimens. A large 
tic or other container kept i 
cool place may be cmplo; 
The total amount should be c 
fully mixed and measured an 
to 8 ounces submitted for ex 
ination. A preservative way 
required. 

Fic. 97.— Boerner’s Urine Rack 2. In hospital laboratories 

’urine rack devised by Boerne 
recommended (Fig. 97). 

3. Special methods must be employed for the collection of urine from infa 
Preservatives.— Decomposition sets in rapidly, especially in warm weather, 
greatly interferes with all examinations. An ideal preservative should prevent 
growth of bacteria and molds; should not interfere with the accuracy of physi 
chemical and microscopical examinations; should be readily soluble, of low 
and preferably a solid. For quantitative tests the total twenty-four-hour urin 
advisable and, unless kept at a low temperature, n preservative is genet 
required: 

1. Thymol, if used, should not exceed 0.1 gram per 100 c.c. of urine. An ex 
may interfere with albumin determination®. It is not as good as formerly 
wised and js unsatisfactory when urine contains sugar, acetone or diacetic a 
also when urine is to be examined for phenol and quantitatively for phosph 
or magnesium. 

2. Formalin in proportion of 2 to 4 drops to the ounce is the most satisfac 
of all, especially for the preservation of the formed elements. An excess 
interfere with tests for indican, albumin and sugar, and produce a precipitate 

3. Boric acid, 5 grains for each 4 ounces, delays decomposition but may intei 
with sugar determination and precipitate rhombic crystals of uric acid. 

4. Toluol may be used, especially for specimens to be examined for ace 
and diacetic acid. Simply add enough to form a thin layer on the surface. It 
very satisfactory preservative for routine use. 
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'%'.v|6rih^r disappears, mpon thc jadditipn dFacidji thhilatterjdoes' nph hut may, 'become „ 
A/s,geljitiuous' tDorihe’s testt '. A ;fEeshly ( passed,.h'rindimay i ' : also',b8 ;'cl6udy-^yiA''h^^^^ ■_ 

• fe'5- : x ’ -• • ’;•'■• <■ • ,’v 'Ti- V-'v*/ • ‘ '>-''-4:' -:h . -.f . 

1 f -A' , 1 ’•'■ ■ •■ ■••' • . .. -.;• •:' <■’/ 
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teria or comparatively clear with numerous shreds of mucopurulent material 

{ chronic urethritis) . 

2. A record of the transparency is only of value in comparatively fredi speci- 
mens. AH become cloudy with bacteria and alkaline salts upon standing as ibt 
result of decomposition. 

3. Upon cooling and standing all specimens develop a faint cloud of mucus, 
leukocytes and epithelial cells which settle to the bottom — the so-called “nubecula.’' 
This lias no significance. 

4. Acid urines may develop a white or pinkish sediment of amorphous urate« 

5. Alkaline urines may develop a heavy while sediment of amorphous phos- 
phates. 

6. Pus gives a heavy mucoid whitish sediment. 

7. Blood gives a reddish-brown smoky sediment. 

8- Bacteria give a uniform cloudiness which cannot he removed hy ordinary 
paper filtration. 

9. The following terminology is recommended: 

(a} Clear, slightly cloudy, cloudy, \er) cloudy. 

(6) Sediment: Slight, moderate or heavy; white, pinki«h, red, brown, 
reddish-brown, etc.; shreds present or absent. 


DETERMINATION OF REACTION 

1. Normally freshly voided urine is acid in reaction, the pH ranging from 
4.8 to 7.5 with a general average of 6. Twenty-four-hour specimens arc le*s acid 
than freshly passed urine and may be neutral or even slightly alkaline as a result 
of standing. 

2, Freshly passed urine may be neutral or alkaline as the result of the admin 
istration of alkalis, retention with “ammoniacal decomposition,” etc. 

3. Diet influences the reaction. 

4, The urinary acidity may be decreased or the urine may become alkaline for 
some time alter a meal, due to the withdrawal of hydrogen ions from the blood 
during the secretion of free HCl by the stomach. The occurrence of this so called 
“alkaline tide” may be employed as an indirect indication of the occurrence or 
nonoccurrence of gastric secretion of free HCl. 

'-'Litmus Test. — -For ordinary purposes the reaction may he determined with 
good grades of blue and red litmus papers (Squibb’s recommended) : 

Blue turning red: acid 
Red turning blue: alkaline 
No change in either: neutral 

J Changes both red and blue: amphoteric 

Titcatable Acidity (Folin-Wu). — 1. Use a sample of mixed twenty-four hour 
urine as fresh as possible and accurately measured. 

2. Place 25 cx. in a small flask or evaporating dish. Add 2 drops of 0.5 per 
alcoholic solution of phenolphthalein and 15 grams of neutral finely pulverized 
potassium oxalate. 
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3. Shake vigorously for two minutes. 

4. Immediately titrate with N/10 sodium hydroxide solution, shaking after each 
addition, until the first permanent pink color appeals. 

5. Read off amount of N/10 sodium hydroxide used. 

6. Multiply by 4 to estimate amount required for 100 c.c. of urine and repoit 
accordingly (normally 25 to 40 c.c.). 

7. Calculate and report amount required for total twenty-four-hour specimen. 
Normally 300-600 c.c. (may he less; depends laigely on diet). 

DETERMINATION OF HYDROGEN ION CONCENTRATION 

True acidity or hydrogen ion concentration is preferred and may he determined 
with the indicator solutions of Clark and Lubs. Fresh clear urine should be used 
and the technic is that described in Chapter XVII for determining the pH of 
culture media. The normal values lie between 4.8 and 7.5, with an aveiage of 
about 6.0 (for vegetarians about 6.6) . 


DETERMINATION OF SPECIFIC GRAVITY 


1. The normal average is from 1.015 to 1 
1.001 to 1.060. If the specimen contains but £ 
it makes but little or no difference whether 
gravity taken without mixing in order to 
use the sediment later fot microscopical 
examination. If, however, there is a large 
amount of sediment the specific giavity is 
almost always increased by about 0.002 
after thorough mixing. 

2. For ordinary determinations the 
Squibb urinometer (Fig. 98) may be used 
but the urinometer used with the immis- 
cible balance is probably the best on the 
market. It settles down quickly after spin- 
ning v'ithout bobbing or swaying, and its 
special scale makes it much easier to read. 
With the Squibb urinometer the technic is 
as follows: 

(ft) Fill the cylinder without producing 
bubbles. The specific gravity may be t 
urine. 


.020. Pathologically it may vary from 
t small or average amount of sediment 
the mine is mixed up or the specifier 



Fic. 98. — Squibb Fic. 99. — Vogel 

Urinometer Urinometer 


without having first mixed the 


( h ) Float the urinometer so that it does not touch the bottom or sides. 

(c) Make the reading from the bottom of the meniscus. 

(d) The instrument is adjusted for readings at 22.5° C. For accuracy add 
0.001 to the reading for each 3° C. above this temperature and subtract 0.001 
for each 3° C. below', although moderate reduction in temperature does not influ- 
ence the specific gravity as much as increased temperature. 
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3. The "Vogel urinomeler (Tig. 99) is more accurate and consists of two spindles, 
raduatcd respectively from 1.000 to 1.025 and from 1.025 to 1.050. 

4. For small amounts o! urine, dilute with an equal volume of distilled water, 
lix and take specific gravity. Multiply the lost two figures by 2. By this method 
lie specific gravity is usually 0.001 to 0.002 higher. The Saxe urino-pyknometer 
Exmer and Amend) may be used if at least 3 c.c. of urine are available. 

5. In the case of urine containing large quantities of protein, correction should 



Fjc. 100 — Exton’s Immiscible Balance 

A drop o£ blood is shown in suspension. A special hydrometer is shown at the left. 

be made for the latter by subtracting, 0.003 times grams of protein per 100 c.c., 
from the observed specific gravity, 

6. The Exton immiscible balance (Fig. 100) supplied by the Emil Greiner Com- 
pany may be employed for determining the specific gravity of drops of urine when 
only very small amounts are available, as in ureteral catheterization. The method 
and instrument are ba=ed on the principle of suspending the urine in an im- 
miscible medium of the same specific gravity which is then determined by the usual 
methods, making possible rapid manipulations with minimal loss of material. 

The cylindrical mixing chamber is partly filled with a mixture of varuolene 
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^'((pelrolbumv. ether) .and carbon tetrachloride with a specific gravity of about 
1,012. They side thistle tube is filled with varuolene and the carbon tetra- ; X 
;; Vchlonde is kept at hand in a drop bottle. A drop of the urine is. immersed in the. 
v .mixiurej. W’hich'. is .then easily, and rapidly varied by means of the stopcock and 
" r.' dropper, so. that the urine remains suspended near the middle. The specific gravity 
V t ' ; ’of ;the mixture .is then taken by means of the Exton hydrometer, which gives the /-•"• 
specific gravity of the urine. ‘ . - . ' 


XVXX V ESTIMATION OF TOTAL SOLIDS • \V. 

I. 1 If. the total output of urine for twenty-four hours is reported- in ounces, mul- 
, tiply. the last two figures of the specific gravity by the number of ounces voided 
and to the. product add one-tenth of itself. This gives the , total solids in ‘grains! 
Example: f; . ’ -vr. ' ' • ’ ’ • \ f , • \ 

\ !«’•', 'i ’• ■ Twenty-four-hour output = 37 ounces y. XX'i ; 

X ■- Specific 'gravity (at 25° C.)= 1.014 , X y' !y.y 

. '-y ;• 14 X 37 = 518 + 51.8 = 569.8 grains . - 'J V 

! v . 2. If the twenly r four-hour specimen is reported in c.c. multiply the last two ; : 
figures of the specific gravity by Long’s coefficient, 2.66; then multiply hv; the 
. total output and divide by. 1000, which gives the total solids in grams. Example: •. ' 

. ' Twenty-four-hour output = 1120 c.c. X 

Xy , ; -y s X\ . .. ; : Specific gravity (at 25° C.)= 1.018 .X.X-'y. 

V “• ‘ ■ " 2.66 X 18 = 46.8 gm. in 1000 c.c. of urine \ ’/ *; .. • 

'' s v ‘V:^K .,'.•' ■, .46.8X1120 . ' ywy.x 

v'-y. :• T ( T K j.\ — -•= 52.4 gm. in 1120 c.c. . ’ ..;.V X 


; 3. The normal output for an adult of 150 pounds is about 60 grams or 950 ! .-f - 
y . grains. The above methods are only approximately correct but suffice for clinical 
■.'.purposes:;' V ' •,/ •" . ' y 

. ty; 4. The output ; of urinary solids is influenced by body weight, diet, exercise, 
.age,:melabdlism.and kidney function. , • X, • ’ 

X. .QUALITATIVE DETECTION OF ALBUMIN .•. V 

... X ; !Principles.-XNormal urine contains a trace of albumin which is loo slight to ; 

: be’ detfectei, by : iHe simple tests in general use, a large number of which have been yyy 

described. ; Ail depend upon its precipitation by chemical agents or coagulation by, V V 
V heat; All' precipitate both serum albumin and serum globulin and do not differen- yy : 
V .. hate .between these two proteins. Most are subject to some error largely due to y 
;i the; precipitation . of mucin or other constituents. All require the’ use of clear 
.X specimens; -preceded' by filtration if necessary, in order to detect small amounts . . 
y of-aibumin.' The. methods here given are recommended for ordinary routine work; 

! V .Methods for; Filtering. — As a general rule simple filtration through ordinary - y 
•j filter' paper is sufficient unless cloudiness is due to bacteria. Very- large numbers.. 
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of bacteria and especially dissolved organisms in alkaline urine may yield faint 
traces of albumin. They are difficult to remove but this may be accomplished 
sufficiently for testing by centrifuging or by adding about one teaspoonful of 
purified talc, infusorial earth or animal charcoal to each 2 or 3 ounces, shaking 
well and filtering through two thicknesses of filter paper. Some albumin is also 
removed by adsorption. 

Methods for Recording Reactions. — A wide diversity of methods for report* 
ing qualitative tests are in use; they account in large part for discrepancies in 
reports from different laboratories. A uniform method and terminology are urgently 
needed. The following nre recommended: 

— = negative. 

± = t ery slight trace. Cloudiness or ring can just be seen against a 
black background. 

-}- (l) = slight trace. Cloud is distinct but not granular; no definite 
flocculation. 'Or the ring is sufficiently definite to be seen with- 
out a black background. 

(2 ) — moderate trace. Cloud is distinct and granular without definite 
flocculation. Or the ring is dense but not wholly opaque when 
viewed from above. Represents about 0.1 per cent of albumin. 

+ + -f* (3) = heavy cloud. Cloud is dense with marked flocculation or the 
ring is heavy, wholly opaque and sometimes curdy. Represents 
about 0.2 to 0.3 per cent. 

+ + + + (4) = very heavy cloud. Heavy precipitate to boiling solid; or very 
dense ring. Represents 0.5 or higher per cent of albumin; 3 per 
cent albumin boils solid. 

Sulphosalicylic Acid Test. — 1. Place 1 c.c. of urine in a lest tube. If urine 
is not clear it should be filtered. 

2. Add 1 c.c. of the reagent. 

Reagent 


Sulphosalicylic acid 30 gm. 

Water to make 1000 c.c. 


3. Allow to Etand 10 minutes. 

4. If cloudiness does not develop, albumin is absent and the reaction is nega- 
tive. Any cloudiness indicates the presence of albumin, the density depending upon 
the amount present. The reaction may then be recorded by the symbols described 
above. 

II the urine is cloudy and cannot be cleared, the reaction should be compared 
with a lube containing water and urine. A distinct difference will be noted if 
albumin is present. This test is quite sensitive and highly recommended for 
routine work. 
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Purdy’s Test, — 1. Fill a thin-walled lest tube half full with urine. 

2. Add about one-sixth its volume of saturated water solution of sodium chloride 
and 5 to 10 drop« of 50 per cent acetic acid. 

3. Mix well and boil the upper portion over a Bunsen burner < Fig . 101). A 
holder is unnecessary. Rotate or shake gently by healing to prevent cracking of the 
tube by condensation of steam. 

4. A cloud (best seen against a dark background) denotes the presence of 



Fig. 101. — Bon ing Urine 

(From Bass and Johns, Practical Clinical Laboratory Diagnosis, W&terly Press, Inc., 
Baltimore.) 

j'* t 

albumin (Fig. 102) and the results are recorded as described on page 134, or 
compared with standards described below. f 

5. Thisris a valuable routine test, as the addition of the sodium chloride raises 
the specific gravity and prevents precipitation of mucin. Bence-Jones protein may 
produce a cloud which disappears upon cooling. 

6. This method may be adapted to the testing of a large number of samples at 
one time by using numbered tubes and placing in earh about 5 c.c. of urine. 1 c.c. 
of sodium chloride solution and 5 drops of acetic acid, followed by mixing and 
placing in a boiling water bath for five minutes with the water above the level 
of the contents of the tubes. 

Heat and Acid Test. — 1. Boil about 5 c.c. of filtered urine in a test tube 
for one or Lwo minutes. Hold with a clamp or a piece of filter paper folded around 
the neck. 

2. Add 1 or 2 drops (no more) of concentrated nitric acid or 3 to 5 drops of 
dilute acetic acid. 

3. A white cloud now disappearing is due to earthly phosphates. Effervescence 
is generally due to carbonates from the food. 

4. A very faint trace of albumin may appear only upon the addition of the 
acid. Larger traces appear upon boiling and may become heavier upon the addi- 
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lion of lhe acid. The addition of too much acid may dissolve faint traces of 
albumin and give a falsely negative reaction. 



Fic. 102. — Ctouo or Albumin Seen acainst a 
Dark Backcround 


(From Boss and Johns, Practical Clinical 
Laboratory Diagnosis, Wiwly Press, Inc, Baltimore.) 


5. For the routine testing of a 
large number of samples by this 
method, use numbered test tubes and 
place in a boiling water bath for at 
least fi\e minutes. Add the acid to 
each, mix gently and record the re- 
sults os described above. 

6. An advantage of this method 
is the fact that it allows a rough 
quantitative estimation of albumin 
from the volume of precipitate after 
standing overnight. Complete solid- 
ification amounts to 2 to 3 per cent 
albumin. Precipitates reaching one- 
half, one-third, one-fourth and one- 
tenth the height of the column of 
urine correspond roughly to about 
I, 0.5, 0.25 and 0.1 per cent albu- 
min. 

7. Certain resinous acids may be 
precipitated by the acid but these 
may be easily differentiated from 
albumin precipitate b) reason of 
their solubility in alcohol. 


STANDARDS FOR THE PURDT AND IIEAT AND ACID TESTS 

Fairly permanent standards, showing the clouds and precipitates but not the 
rings, may be prepared as follows and kept Dn hand for rapid comparison and 
more accurate readings. These will be found especially helpful for the Purdy and 
heat acid tests: 

1. Dissolve 20 grams of gelatin in 100 c.c. of hot water. 

2. Add 0.3 c.c. of formalin. Mix well. Keep at about 50® C. 

3. In six thin-walled test tubes of the kind used for the heat and acid test, 
place the following amounts of serum: 


No. 1: no serum No. 4: 0.1 c.c. undiluted 

No. 2: 0.2 c.c. of 1:10 No. 5: 0.3 c.c. undiluted 

No. 3: 0.5 c.c. of 1:10 No. 6: 0.6 c.c. undiluted 

4 To each tube add enough water to make 2 c.c. 

5. To each tube add 8 c.c. of hot formalized gelatin. 

6. Mix well by inverting several times. 


''C'r'Uv^iffiTHODS FOR THE EXAMINATION OF HUM'. ... ■ 

’ ^ Heat tKe upper , third oi each tubein a Bunsen to coagulate the albraran. 
v 3 . Cork and label each as follows: ■. .• • yZ/y /".I y /y y ; y';\y 

No. 1: negative— .y 1 ; \\ ; "2;^- > • ' y7 -C ; /'• y -Z y'y'; k 
■ . No. 2 : very slight ,tracey(i) ZyiV YSZyi; vyry ^Z’^V-'^Z'-v 

■y ;y!yy ;/ No. 3: slight trace j i v- VyiV'- 

y'y’.y ; y-y. y . ' No. 4: moderate trace (-f-+) y : y7-;'M. y'yy ■ y v "c; ^y- - .y 

:■ H' '■ / /--y ' No. 5: heavy cloud (-f- 1 -yPV? =' ’’'-v ■: 

' No. 6 : very heavy cloud .(t|- - h.Hr.rl"), 

Roberts’* Te S t.-l. The test may 

hriae yinyof^Mcnn^ya:^ ^ ^ wni , ;a | glass dr test tube. Tilt and run 

^ down the side .to give sharp. ^ ■ 

of . contact. • • . , _ ., • V^V- /’ ZZ .y. yy, / • j, ; 

■ ,y ' REAGENT r - : yY yl’y.; 1Z; r 

U^: Z^Z, Magnesium sulphate (sal. aq. 

•. \ Nitric acid (cone.) ‘ ' V ;■ /-'''.A',/''./!" .ZZy ; yy'y' 

/dissolution ot magnesium sulphate is prep& by 

in 80 c.c. of water at 25° C. 11tlf Wlav with reagent as shown : imy v 

*'. (fc) Place urine in a honsmascope oxpms £ fit 

Figure 103-lBt. This instrument ts loo fragile and P ,. y.y : y 

althoughrycry handy lor office ' . ; of j Uie outside and irhmerse.in fly* 

(c):,*Or immerse a ptpet m t ’ t Boston’s method. Not as:se» ? i,f ,.* 

. o reagent 1 , , as shown in Figure 103-(A), aecoia „ . .. , ; . : - .y . 

v rtive as (a) and («. . appears ot the line of contact, best seen , 

V;V* I£ Cund at a distance ofseveral feet. ■ , . &*• S. 

’•'v against a black background ataoi „ .... 

Z.",; , ,3. Record as described above ^ Uie Heller ring test employing y 

• ' , .4. This .test is much more sa Y ^ secondar y and confusing colored 

nitric acid, as it is sensitive and does of otUer . organic, constituents. -■ ; ; 

rings due to indican, bile pigme j ^ and urates and especial y ; 

' ' It may, however, yield the secondary ring dueto u ^ ^ ^ deW , broader 

.:. - if the test is conducted in a cornea c Concentrated urines may occa- 

- — tat ,us is MSily " 

from! the- “fluffy” ring of albumin. , . . < 

^ :■ ^ ; QttAHXXTATrv, ~-OK has * 

, Method Of K***®* ~ tp— «f the Association of 

V been adopted . by the .Committee o based upon the principle that the. 

Life insurance Medical Directors of Amcnca, . : . 1 ; V 
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turbidity produced in urine by sulphosalicylic acid is compared with permanent 

standards representing known amounts of protein. 

The reagent is a 3 per cent solution of sulphosalicylic acid in distilled water. 
To 2.5 c.c. of clear centrifuged urine in a test tube graduated at 10 c.c., add 3 per 
cent sulphosalicylic acid to the mark. Invert the tube to mix, let stand 5 to 10 
minutes and compare the turbidity tfilh the permanent standards. 

Record the albumin content according to the standard most closely matched. 

For values above 100 mgm. per 100 c.c., repeat the test on a portion of urine 



Fic. 103 . — Rise on Contact Test 

A. Boston’s method. B. Horismawope method. (From Todd and Sanford, Clinical Diagnosis fy 
Laboratory Methods, W. B. Saunders Co.) 

sufficiently diluted with water to come within the range of the standards, multi- 
plying the result obtained by the dilution. 

Preparation of Permanent Standards.- — Mark a 250 c.c. Erlcnmcyer fla«k at 
200 c.c. with a china marking pencil. Place exactly 20 gms. of very pure gelatine 
in this flask, add about 150 c.c. of water and warm at 45 to 55° C. until dis- 
solved. Make up to the mark with water. Now add, about one-half the white of an 
e SS» m > x thoroughly and heat in boiling water for 30 minutes. Filter hot through 
a Whatman No. 4 fluted filter paper. The filtrate should be perfectly clear though 
slightly yellowish. Immediately before using 0.3 c.c. of 40 per cent formalin is 
added to each 100 c,c. of filtrate. 

Formazin, the material to be suspended fn this solution, is prepared as follows! 
In a 50 c.c. graduated flask is placed 0.25 gm. of hydrazine sulphate and dissolved 
in 25 c.c. of water. To this solution is added a solution of 2.5 gms. of urotropin in 
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, about 15 c.c. of water and water added to tlic mark. After standing about 15 KoursK. 

,: ;.a quantity, of .white amorphous precipitate will have formed. This may be uni- 
formly distributed throughout the flask by gently inverting several times and while ■> b 
thus distributed may be accurately pipeted. , ' ... 

. J ; . 14.5 h.C. of this suspension is added to 100 c.c. of- the clarified gelatin solution 
at. 45-55 ? C. / to which: has just previously been added 0.3 c.c. of 40 .per cent; 
formalin and the whole thoroughly mixed. This produces a turbidity equivalent to 
100 mgm. of albumin per 100 c.c. of urine when treated as in the above method j '•.!■ 

-- J and from this 100 mgm. standard are prepared standards equivalent to 75; 50, 40, 

..30, 20 ahd 10. mgm. per 100 c.c. by diluting lire 100 mgm. standard: ’with The 
j proper amounts of clarified gelatin to which formalin has also been added in the 
. . proportion, of 0.3 c.c. per 100 c.c. as follows: " . 


Value of. Std. Desired; 

‘'. ''Mgm. per, 100 c.c. 

Amt. of 100 mgm. Std. 
used ; c.c. 

Amt. of iofo clarified 
Gelatine used; c.c. 

\.75 

7.5 

-2.5 ' . s ‘ ■ 

■ • r V so . 

5.0 

■ 5.0 

'■"•■ • .40 •. 

4.0 

6.0 • 

... 

3.0 

7.0 

'V: '. 20 - 

2.0 

8.0 

* .' To '■ 

1.0 

9.o 


These amounts are placed in test tubes of the same dimensions as those used in.. 

• .-making the tests with urine. The tubes are stoppered and sealed with wax. and 
allowed to; cool to room temperature. After a few hours the gelatine will solidify;. 

\ .[.after. which; it will remain liard and will not melt at any room temperature. Such ■ 
V.T . standards keep for about a year. They gradually weaken and it is unwise to use 
..i] them- after about 10-12 months. . *•’ 

Exton’s Quantitative Method.— 1. Place 3 c.c. of urine in a test tube and \ 
. add 3 c.c.; of ' reagent. The tube in which the test is made should have the same . 
dimensions as the standard tubes. , 






Reagent 

Sulpbosalicylic acid (Eastman) 50 gms. 

Sodium sulphate (crystals) - • - • 10 gmS. 


Bromphenol blue (0.4% watery solution) . . 25 c.c. 



’ Dissolve the acid and sodium sulphate in about 800 c.c. of water and. add the % 
: - 1 ,: -dye. Make up to 1000 c.c. and filter through acid washed paper (Whatman No. 0).: ; T 
- ; : 2 . Heat, gently. .Il is not necessary to boil. ■ 'V . • . 

(The purpose of the application of moderate heat is to increase the specificity 
of the reaction, as resinous bodies and other substances which might react go into 
solution: when warmed. Any turbidity remaining is due to, abnormal protein sub- 
stances.) . ' r T-Td 
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3. Invert the standard tubes in order to secure a homogeneous suspension. 

4. Read the turbidity of the unknown by comparing it with the nearest higher 
and lower standards* placed on either side. 

If necessary take the reading between the two lubes. 

If tbe urine contains more than 100 mg. per cent, and ltence is cloudier than 
the highest standard tubes, dilute the mixture of urine and reagent with the 
diluting solution given below. Make another reading and multiply the reading by 
the dilution. 


Dilutinc Solution 

Sodium sulphate 10 gms. 

Concentrated sulphuric acid 5 c.c. 

Bromphenol blue (0.4% watery solution) 25 c.c. 

Water (distilled) qj. 1000 c.c. 


Dissolve the sodium sulphate in about 000 c.c. of water, then add the acid and 
hr om phenol blue. Make up to 1000 c.c. 

To make the test on cloudy urines which cannot he cleared, dilute the urine with 
an equal volume of diluting solution and read against the standard tubes. Pre- 
cipitate a similar volume of urine in the usual way and rend. The difference between 
the reading due to turbidity and that alter precipitation represents the amount of 
albumin. 

Urines containing large amounts of carbonates or other alkaline salts must be 
made acid belore testing, in order to prevent frothing. 

Because bromphenol blue is also an indicator on the alkaline side, to prevent 
decomposed or alkaline urines from turning purple, they must be made acid before 
testing. 

If the color is very dark or unusual, the dilutions must be made with the diluting 
solution. 

If a precipitate resembling curdled milk appears when the reagent is added, the 
urine contains Bence-Jones protein. This may be proved by the disappearance of 
the precipitate on boiling and its reappearance as the solution cools again. 

Esbach’s Method. — 1, Fill with urine an Esbach-Quick albuminomcter (Fig. 
104) to the mark U. 

1. Add reagent to tbe mark Jt: 


Reacent 


Trichloracetic acid 100 gm. 

WateT 900 c.c. 


3. Close with a rubber stopper, invert slowly several limes, and set aside in a 
cool place for eighteen to twenty-four hours. 

3 Standards and reagents for Exton’s quantitative method mar he obtained from the Standard 
Reagents Co., Philadelphia, Pa. 
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4. Read off the results according to die markings on the tube which show albumin 

tn sirams per 1000 c.c.: to express the per cent, divide by 10. . 

f The ^advantage of the new reagent over the former one of picric and citn 
Jfel d.al tte effects of temperature anff specific gravity of the hnne are reduced 
to a minimum. The latter reagent is, hoivever. preferred by 
some and is prepared as follows: 


ill 


Picric acid . . • 
Citric acid . • • 
Water 


10 gm. 
20 gm. 
1000 c.e. 


Tsuchiya’s Method.-TIm method » generall; re «ded as 
superior to that of Esbach. If the urme » alkalmc, »c.chf , r 
a few drops of acetic acid and proceed m the same manner as 
in the Esbach method, using the following reagent. 


Reagent 

, . 1.5 gm. 

Pliosphotungstic acid ... 5.0 c.c. 

Hydrochloric acid (cone.) q c c 

Alcohol (96 per cent) 


& 

Fic. 10 k — E sbich- 
Quick At.bu- 
MlNOMETER 


Folin’s Method.— -1. Place 1 c.c. of urine in a test tube and add a 2 per 

solution of sulphosalicylic acid to exact y x c c of 0 .1, 0.2. 0.3, and 0.4 

2. In four additional tubes of the same si P c>c . 

per cent solutions of a stock albumin solution and add tea* 

3. Mix and let stand ten to fifteen minute* " r cent strength is made by 

d. A stock albumin solution of ^ so dium chloride solution. This 

diluting sheep serum with 7 volumes o - P dilution with 15 per cent 

keeps is ell, and the other standards are made from . 

sodium chloride solution. ^Principle.— The quantity of protein is 

Method of Shevky and Stafford. ^ prcc ipitate obtained with phosphotung- 
calculaled from the volume occupied b) the prccip 

Stic acid, and alcohol. 

Reagent. — Tsucliiva’s reagent. 0 28?e protein it may be used with- 

Procedure . — -If the urine contains less than 0J»,c P , .c w A. 


Procedure . — If the urine contains less rnu „ * dilutc d 1:10 or 1:5. H the 
out preliminary dilution Nep '^^ Yhe^necessary to employ a 1:20 solution of 


o„ t preliminary dilution. ^ be necessary to employ 

protein content is over 2.t>A- 1 
the reagent. , • the specially formed and graduated 

1. Place 4 c.c. of urine as prepared above n ^ ’ 

tube (A.H.T. cat. No. 3007-A1 designed for . P 

2. Add the reagent to the 6.5 c.c. mark. _ 

3. Close the tube and mix by slow inversion 3 time,. 

4. Allow to stand exactly 10 minutes. 


in um 32:222. 
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\ 5. Centrifuge for exactly 10 minutes at 1800 r.p.m. 

' 6. Read the volume of the precipitate directly. 

Calculation. — Grams of protein per liter = c.c. precipitate x 7.2 x dilution of 
urine. 

This method possesses the great advantages of ea«e of performance and sufficient 
accuracy, if care is observed, for all clinical purposes. It is the method of choice 
for routine purposes in many laboratories. 

DETECTION OF PROTEOSES 

Principles. — Proteoses, particularly dcutcroprolco'* Vind hetcroprotcose, ha\e 
frequently been found in the urine under vaiypii'jramotugica! conditions. They are 
divided into two groups, namely, primary and secondary. The primary proteoses 
are precipitated upon half saturation with ammonium sulphate and the secondary 
proteoses upon complete saturation. 

Procedure. — 1. Acidify the urine with noetic acid and filter off any precipitate 
of nucicoprotein which may form. 

2. Boil for several minutes. 

3. Filter while hot to remove the albumin and globulin. 

4. Test the filtrate by overln> ing a saturated solution of trichloracetic acid. A 
white ring at the point of contact indicates the presence of protco«es. 

5. If the test is positive, the primary and secondary proteoses may be separated 
by half and complete saturation with ammonium sulphate. 

DETECTION OF BENCE-JONES PROTEIN 

1. Place the urine in a water bath with a thermometer and heat Very slowly and 
gentl). 

2. Observe frequently. Turbidity will begin to occur at al»out 40” C. and pre- 
cipitation vs ill take place at about 60® C. 

3. Now acidulate very slightly with acetic acid and raise the temperature to the 
boiling point (100® C.). The precipitate now partly or totally disappears. 

4. Allow to cool and if Bence-Jones protein is present the precipitate will 
reappear. 

5. Urine containing albumin should be filtered at or near the boiling point, the 
aforementioned procedures being applied to the filtrate. 

6. If the test is positive it is advisable to confirm the results by one or both of 
the following tests: 

(a) Precipitate the protein with nitric acid. This precipitate should disappear on 
boiling and reappear upon cooling. 

(b) Precipitate the protein with alcohol and collect immediately by centrifuging. 
The precipitate should be soluble in water. 


1 ' , • ¥_ 
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"/■ G DETERMINATION OF UREA (VOLUMETRIC) 

Procedure (Van Slyke and Cullen's Modification of Marshall’s Method)’— 
—I. Measure the- specimen and note whether it is a twenty-four hourUpccimen or a 
.•specimen. for ; urea- tolerance test. Make a deterroina- , ; . 

lion, of free ammonia (see below) at the same time 
tins determination is run. ‘ 

,2. Pipet 5 c.c. urine into a 10Q c.c.*, Volumetric 
' flask and dilute to mark. ! ’ 

•3. With a pipet transfer 5 c.c._ of the diluted urine 
\to a thick- walled, large Pyrex lest tube (200 by' 25 
.millimeters) /, 

. ’ > .4. Add two ’ pbwdered urease tablets (25 milli- 
grams each, Hynsoh, Westcott and Dunning). 

5. Stopper and let stand at room temperature for 
.. one-half hour. 

6. Add 2 drops of caprylic alcohol. 

. .. 7. Add 5 c.c. of saturated potassium carbonate 
■solution/ ■ ’ 

8. Draw off the ammonia by suction aeration 
.(Fig. 105) into another /tube containing .20 c.e. 

N'/lOO hydrochloric acid and 2 drops of methyl red 
indicator; Aeration should last about one hour and 
during the first two minutes only a slow current of 
air should be used. ; . 

: V . 9.'; Titrate the residue of acid with N/100 sodium hydroxide. 

Calculation. — Each c.c. of acid neutralized indicates 0.00014 gram of nitrogen. 



Fig. 105.- 


-Aekation 

uatus 


Appa-; . 


I 

t 

t 


' ■. ■ jy: \ . ‘ , 

- c.c/— 4. sodium hydroxide 1 X 4 X 0.00014 X volume of urine in c.c. . 

; 100 / = grams urea nitrogen -f- ammonia nitrogen 

or * ■''•/"•• 


c.c. 


N 


-•sodium hydroxide i X 0.00056 X volume of urine in c.c.'. X;./ /• , 
100 / = grams urea nitrogen -f- ammonia nitrogen 

(Grams, urea nitrogen -f- ammonia nitrogen) —grams ammonia nitgoren — 

. "grams urea nitrogen. ...... 

; Grams urea nitrogen X 2.145 = grams urea, : . . .. 1 


. • DETERMINATION OF UREA X. 

Principle.— Urine is treated with permutil to remove ammonia, filtered, and the , 
.filtrate is used for the -urea determination by means of Karr’s method for urea 
nitrogen. / : ' Xy • 
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Calculation. — Set the urine sample at 15 mm. in ,the colorimeter, when the 
reading o! the standard multiplied by 0.02 = grams of total nitrogen per 100 c.c. 

_ . . .. c.c. volume of 2t-hour specimen 

Grams total nitrogen per 100 c.c. X jqq 

= grams total urinary nitrogen per twenty-four hours 


DETECTION OF DEXTROSE (OLUOOSE) 

Principles, — 1. Dextrose or glucose readily reduces the oxide of copper in 
alkaline solution. Whep tlfe whitish-blue cupric hydroxide in suspension in an 
alkaline solution is heated it is converted into insoluble Mack cupric oxide, but if 
sugar is present this is reduced to insoluble yellow or red cuprous oxide. 

2. A large number of tests have been devised on this principle of the detection of 
sugar in the urine but that erf Benedict is recommended l>ecause of its sensitiveness, 
simplicity, and freedom from error. The qualitative reagent docs not react with the 
normal sugar of the urine but detects increases above this level as low as 0.25%. 
Furthermore, uric acid, creatinine, chloroform, formalin and other aldehydes do 
not interfere to such an extent as in the case of Fchling’s test. 

3. If albumin is present in large amounts, it may interfere with the precipitation 
of copper and should be removed by acidifying with acetic acid, boiling and filter- 
ing. Small amounts need not be removed. 

Benedict’s Teat. — 1. Place 5 c-c. of Benedict’s qualitative reagent in a clean 
test tube. 


Benedict’s Qualitative Reagent 


Copper sulphate . 17.3 gm. 

Sodium citrate 173.0 gm. 

Sodium carbonate (anhydroi^) 100.0 gm. 

Distilled water to make ...L.i... -1000.0 c.c. 


Dissolve the citrate and carbonate in about 500 c.c. of distilled water by heating. 

Dissolve the copper sulphate in about 100 c.c. of water. 

Add the copper solution slowly to the citrate and carbonate solution and stir 
continuously while adding. *"* 

Meaauitnmd add sufincieift -water to maVe t'ric total volume 1WW c.e. Do not as* 
for quantitative test. 

Filter tluotigh paper. 

2. Add 0.5 c.c. of urine and mix thoroughly. 

3. Boil thoroughly for 2 Vi to 5 minutes; or place tubes in a boiling water bath 
for five minutes— a particularly convenient method when conducting a large 
number of tests at one time. 

4. Allow to cool spontaneously. 

5. If no sugar is present the solution will remain clear or show only a slight 
turbidity of a faint bluish color due to urates. If sugar is present a green, red, or 
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yellow precipitate will form, the color depending upon the amount of sugar present. 

6. Even 0.25 per cent glucose yields a large bulk of precipitate, filling the 
solution and rendering it opaque so that the test may be applied as readily in 
artificial light as in daylight. 

7. The following scheme may be used for reporting (after Todd and Sanford) : 

4 (11 — slight trace. No reduction is evident during boiling but appeals 
upon cooling (greenish). 

4-+ (2) = trace. Reduction occurs after about one minute's boiling. 

44 + (3) — moderate. Reduction occurs after ten to fifteen seconds’ boiling. 
44 44 (4) = large amount. Reduction occurs almost immediately after adding 
urine to the boiling reagent. 

4 - 

Fermentation Test. — I. Place 15 e.c. of urine in a test tube and add a piece 
of fresh Fleischman yeast about the size of a pea ; mix gently to emulsify the yeast. 

2. Transfer to a fermentation tube; make sure the arm is 
flee of bubbles of air. 

3. Place in an incubator for a few hours. 

4. A normal urine and a normal urine to which is added 
a pinch of glucose may be treated in the same manner as 
negative and positive controls respectively. 

5. A positive reaction due to alcoholic fermentation is 
indicated by the collection of carbon dioxide gas in the arm. 

6. If necessary, guard against gas production by bacterial 
fermentation by adding a pinch of tartaric acid (advisable 
if mixtures are incubated more than four hours). 

7. By using the Einhorn saccharometer (Fig. 106)4 a 
quantitative test may be conducted, as the graduations on the 
arm indicate ^with fair accuracy the percentage of glucose present from 0.1 to 1%. 



Fic. 106 . — Eimiohn 
Saccharometer 


QUANTITATIVE ESTIMATION OF DEXTKOSE 

Benedict’s Method. — 1 . Dilute 10 c.c. of urine with 90 c.c. of water, 

2. Mix and place in a buret (Fig. 107). 

3. Place 25 c.c. of Benedict’s quantitative reagent in a porcelain evaporating dish. 


Vi 

Benedict’s Quantitative Reagent 


Copper sulphate (pure crystallized) 

Sodium carbonate (crystallized) 

(or anhydrous sodium carbonate. .100 gm.) 

Sodium or potassium citrate (C.P.) 

Potassium sulphocyanate (C.P.) 

Potassium ferrocyanide solution (5 per cent) . . . 
Distilled water to make. 


18 gm. 
200 gm. 

o 

200 gm. 
125 gm, _ 
5 c.c. 
1000 c.c. 



148 


CLINICAL PATHOLOGICAL METHODS 


Willi ihc aid of heat dissolve the carbonate, citrate and sulphocyanate in about 
700 c.c. of the water and filter. Dissolve the copper in 100 c.c. of water and pour 
slowly in the other, stirring constantly. Add the ferroeja- 
nide solution, cool and bring up to 1000 c.c. with distilled 
water. It keeps well. 

4. Add to the reagent 10 grams of sodium carbonate 
crystals and a little pumice, talc or a few glass beads. 

5. Apply heat to reagent until boiling. 

6. While the reagent is boiling, run in the urine a little 
at a lime but fairly rapidly, until a chalk-white precipitate 
appears and the blue color of the reagent begins to fade. 
Then add urine a drop or two at a time until all color dis- 
appears. 

7. Note the amount of diluted urine used. 
f>. The reagent is so prepared that 25 c.c. arc reduced by 

0.05 gram of glucose. Therefore the nmount of diluted 
urine u«ed contains this amount. 

9. Diride the amount of diluted urine by 10 to give the 
nmount of undiluted urine carrying 0.05 gram of glucose. 
Divide 0.05 by the number of c.c. of undiluted urine to 
obtain the amount of sugar contained in 1 c.c. of urine; 



F *E run QUA o7r VE t *’ en multiply this number by 100 to obtain percentage or 


by the total number of c.c. in the twenty-four hour spcci- 
i to obtain the number of prams voided. Example: 


2180 c.c. of urine voided in twenty- four hours 

0.2 c.c. urine 1 :10 required to reduce 25 cc. of reagent 


8.2 

-Tq- = 0.82 c.c. undiluted urine required 


0.05 100 

0.82 X 1 

0.05 2400 
QJ 82 X l 


= 6.1 per cent 

= 151.2 gm. in twenty-four-hour specimen 


10. A short method to obtain the percentage is to di\ ide 50 by the number of c,c * 
of diluted urine required to reduce 25 c.c. of the reagent. Example: 

2480 c.c. voided in twenty-four hours 
8.2 c.c. diluted urine required 

50 

g3T= 6 -l per cent. 

11. If the urine contains but a tiacc of sugar it should be used undiluted and the 
percentage calculated as above. Example: 
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:2870 f c.c; voidecbin twenty-four hours,. ; . ,?.:•//;/ 

: •' v -: 5.2'C;c; undiluted required V 

/■•.‘•-v ; ' . X ~ — 0.% percent ; / ; , ' ; v : -y ' •/ • 

•- , 5.2, •- 1 - ■’ . 'v , ji - 

Test Tube Method.— 1. Piece s. c,. of Bences 

TA-Ultacn^ci anhydrous sodium carbonate and an e„ual amount.^, 

^3. Heatto boiling over ^Bunsen burn • . raduale d in 0.1 ex., pn- 

' ' While boiling run into tube from • • J urine, should.be run ; 

' ni’mtcti urine until the last trace of ^ e „ Wng added: 1 

in slowly and the solution kept bo.l.ng h i lucose , the amount of urine. 

:.?rv 5 . As 5;c.c.;of reagent are reduced by O.OiU D ra b . 

/ used contains this amount. amount of urine and.multiplr 

;/;/ 6- To obtain the Percentage, divide 100 b> the .. 

4 by 0.010 - . 1 , ’• y/- 

' . 0.3 c.c. urine required 

. : 7. Or divide lhy.be amount of urine to obtain the percentage: 'v £ 






/L5. ==1.25 per cent 
0.8 • •• - 


tv 


:.v . dilute 1:10 and calculate-; 

I£ tire , urine '.boiitaiins, a . large arp° unt 0 su ’ : t > s 

accordingly. : . -•* T , • mpt i, 0 d which has been adopted By -t> 

.Benedict’^ Picric Acid Idethod. Tb . of Life Insurance Medical • 

Committee on Urinary Impairments o “ Aat the color produced by the 

/ Directors of America, is based upon tl P anent slan dards which have colors ^ 
reduction <of picric acid is compare w P { g i llcose solutions. 

:/ equivalent to that produced ;hy. known am = dry picric acid are 

4 Eeagents: (I) Picric .acid solution: Two c ram .. . 

. dissolved in one liter of .water. , , . . ’ . • ; 

( 2 ).; 5 ;pef cent sodium hydroxide solu ^ {res h each day by diluting a y. 

r • V(3) A:S 0 /pe^cent‘ solution of acetone -P P q{ water • 

. definite -quantity of C.P. acetone with ^ tube graduated at 25 c.c.- 

/’/ .'•/Procedure:. ( 1 ), Measure l.c.c. of urme int . 

> :•< . ( 2 ) Add 3 c.c. of the picric acid solution. _ 

(3) Add 0.5 c.c.pf ithe 5 per xent solution ofxoduim . .. . . .. 

( 4 ) Add 5 drops of the 50 per c f 1 aC ^ nce in boiling water. ...... 

(5) Mix by sidewise shaking and place at ., ; ; 
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(6) After 12 minutes remove the tube, cool and dilute to the 25 ex. mark. 

(7) Compare with the permanent standards,* which gives results directly as 
per cent glucose. 

(8) If more than 0.5 per cent glucose is expected, dilute the urine with 9 or 
19 parts of water and make the determination on 1 cx. of the diluted specimen. 
Results are of course then multiplied by 10 or 20. 

Preparation of Permanent Standards. — (1) Dissolve 100 gms. ferric chloride 
in about ISO c.c. of water. Add 2 drops of concentrated hydrochloric acid and 
transfer to a 250 cx. volumetric flask. Dilute to the mark and mix. If not per- 
fectly clear, filter through a dry filter into n dry flask. 

(2) Dissolve 75 gms. cobalt chloride in about 15 cx. water and transfer to a 
250 c.c. volumetric flask. Add 2 drops of concentrated hydrochloric acid. Dilute 
to the mark and mix. Hlter through dry paper into a dry flask. 

(3) Dilute 5 c.c. of concentrated hydrochloric acid to 50 cx. with water. 

The above solutions arc mixed according to the proportions given in the fol- 
lowing table: 


Glucose 
per cent 


Cobalt Chloride 
Solution 
c.c 

Dilute 

1IC1 

cx. 

Water 

0.1 


8 

8 

(/> 

02 

28 

16 

8 

48 

0.3 

22 

30 

8 

40 

04 

16 

43 

8 

33 

as 

14 

65 

8 

13 


(4) Place about 25 c.c. of each standard in test tubes of the same diameter as 
those used for the glucose determination. 

It is of course essential that the above colors be matched against glucose solu- 
tions of known strength and such adjustments made in the permanent standards as 
may be required to give the proper color since there may be some variation in 
color strength of the original reagents. The inorganic color standards keep prac- 
tically indefinitely. ( 

Sumner’s Method. 4 — 1. Into a small test tube, pipet 1 c.c. of the urine to be 
examined; add 9 c.c. of water with a pipet or by diluting to a 10 c.c. mark on the 
tube. Mix. 

2. Pipet 1 c.c. of this diluted urine into a Folin sugar tube or to a test lube 
graduated at 25 c.c. 

3. Add 3 cx. of the reagent and place in boiling staler for 5 minutes. Cool in 
running water, dilute to mark, and mix. 

4. Compare with the standard tubes and read directly the percentage from the 
tube. In case it is stronger than 3 per cent, dilute with a definite proportion of 
water, generally equal parts, and multiply the answer by the dilution factor. 

• These standards, in hermetically seated lubes, may lie obtained front the Standard Reagents 
Company, Philadelphia. Pa. 

*]. Biol. Chenu, 1925, 65:373. 
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Notes. — 1. Slightly increased accuracy may be obtained by using an artificial or 
glucose standard and the colorimeter. 

2. In the above method the qualitative test may be combined with the quantitative. 
All urines reading 0.2% or under may be considered negative for glucose. 

3. Sugar in normal urine may be read by using undiluted urine in the above test 
when the percentage of sugar will be that given on the standard tubes divided by 10. 

4. Urines showing 0.25% or over will give a positive Benedict qualitative test. 

Reagent . — Dissolve 10 grams of dinitrosalicylic acid in water and dilute to 1 

liter (1 per cent). 

Place 300 c.c. of 4.5 per cent sodium hydroxide in a 2 liter graduated cylinder; 
add 880 c.c. of 1 per cent dinitrosalicylic acid and 255 grams of sodium potassium 
tartrate. Mix until dissolved. Preserve in a brown bottle in the dark. 

Permanent Standard Series . — Dissolve 0.8625 gram of ferric ammonium sul- 
phate in water and dilute to 100 c.c. in a volumetric flask. Into each of twelve 
100 c.c.* volumetric flasks add 10 c.c. of the 1% dinitrosalicylic acid solution and 
add in order 1, 1.75, 2.53. 3.22. 4. 4.68, 5.32, 6.10, 6.30, 7.5, 9.1, 10.3 c.c. of ferric 
ammonium sulphate solution. Dilute each to 100 c.c. and mix. Transfer portions 
of each to tubes similar to those used in doing the lest and label these tubes 
respectively, 0.2, 0.4. 0.6, 0.8. 1, 1.2. 1.4, 1.6. 1.8. 2, 2.5, 3%. These lubes will 
then read directly in percentage of sugar considering the 1:10 dilution as made 
in the test. 


DETECTION OF LEVULOSE 

Principles. — Levulose (fructose) may appear in the urine after the ingestion 
of large quantities of honey and in severe diabetes, together with glucose. 

Seliwanoff’s Test. — 1. Place 5 c.c. of icagent in a test lube and add a few 
drops of urine. 


Reagent 


Hydrochloric acid 1 part 

Distilled water - 2 parts 


2. Heat to boiling. Do not prolong the boiling. 

3. If levulose is present a red color will develop with the separation of a red 
precipitate. The precipitate must be soluble in alcohol with a bright red color. 

4. The urine for this test must not contain over 2% glucose. 

Borchardt’s Test. — 1. Place 5 c.c. of urine in a test tube and add 5 c.c. of 25 
per cent hydrochloric acid (cone. HCL, 2 parts; water, 1 part). 

2. Add a few crystals of resorcinol. 

v 3. Boil for not more than one-half minute. (If levulose is present a red color 
appears.) 

4. Cool in running water, pour into a beaker and Tender slightly alkaline with 
solid sodium or potassium hydroxide. 
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5. Pour back into test tube, odd 2 or 3 c.c. of acetic ether, and shake. 

6. If lei uloso Is present, the ether will be colored yellow. 

The administration of rhubarb or senna will cause a yellowish coloration of the 
ether similar to levulose. II indican is present it should be removed by doing At 
Obermayer’s test. After the chloroform has extracted the indican remove Ac 
supernatant fluid and reduce the acidity by adding one-third its volume of water. 
Proceed with the test omitting step 1. 

DETECTION OF OALAOTOSE 

Principles. — Galactose may occur in the urine of nursing infants with sewn 
disturbance of the digestive tract. It may be differentiated from other reducing 
sugars (except lactose) by the formation of mucic acid. 

Test. — I. Place 100 c.c. of urine in a broad, shallow, evaporating d»*h- 

2. Add 20 C.C. of nitric acid and evaporate over boiling water until volume i» 
about 20 c.c. (If the specific gravity of the urine is over 1.020 add 23 to 35 c.*. 
of acid and evaporate to a volume equal to the volume of acid used.) 

3. If g3lacto*e (or lactose) is present the fluid will be clear with a fine white 
precipitate of mucic acid. 

DETECTION OF LACTOSE 

Principles. — Lactose is occasionally found in the urine of women during larta 
tion and in patients who have been on an exclusive milk diet for a longtime. It 
reduces copper solutions, although Ie«s actively than gluco«e, 0.0676 gm-* Wag 
equivalent to 25 c.c. of Benedict’s quantitative solution. It is not fermented by jffct 
Ttubner's Te3t. — 1. To 10 c.c. ol urine odd 3 grams of lead acetate (an exec**)- 

2. Shake well and filter into a test tube. 

3. Boil the filtrate for a few seconds; add 1 c.c. of strong ammonia and boil 
again. 

4. If lactose is present, the solution turns brick-red and a red precipitate develop" 
which is the criterion. 

5. This test is not very sensitive but will detect Iac|o«c in about 0.3 to 0.5(L 
C. Dextrose (glucose) gives a red solution with a yellow precipitate. ^ 

7. Lactose does not ferment with yeast although bacteria may hydrolyze it into 

its constituents, glucose and galactose. 

DETECTION OF PENTOSE 

Principles. — Pentosuria may be alimentary and temporary, because of d ,c 
gestion of large amounts of pentose-rich fruits, or pathological (especially > r 
diabetes). The pentose detected most frequently in the chronic form is arabSw* 
The color reaction is based upon the production of furfural. 

Bial s Orcinol Test.— 1. first remove the dextrose by fermentation (see P 3 ? 1 

147). Filter. 7 

2. Place 5 c.c. of reagent in a test tube and heat to boiting. 
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X' ' ' Reagent ; * 

•' *’v Hydrochloric acid (30 percent) 500 c.c. 

if,; Ferric chloride solution (10 per cent)..’.. 1 c.c. ' .(/• 

5 ;( ‘ < • Orcinol 1.5 gm. 

3. Remove from the flame and add the urine drop by drop (not exceeding 20 
.drops' in all). 

. ,,/■ 4. The appearance of a green color indicates presence of pentose. 

/ 5. This test is recommended because it is more accurate than the original orcinol 

test. _ t - . 


DETECTION OF ACETONE 


K -,'V 












. Acetone, diacetic acid (aeeto-acetic acid), and b. -hydroxy butyric acid are the 

■ three '.acetone bodies which occur in the urine. 

* They practically always occur together. It is.be- r ~ ( 

lieved tiiat ihe kidneys do not excrete acetone but Im'//.-; IV; VOCV* IrwS '/■/' 

f do excrete diacetic acid, which decomposes readily 
: into acetone in the urine. The tests for acetone are, j\r. 

therefore, probably tests for diacetic acid. Both //■/!,;/( 7,f ^ rX^’}' ■ 

/ acetone and diacetic acid respond to the nitroprus- v 

: side tests.:.Acetone does not give a reaction in the U ’((•• /-i t/Ai-w/i: 

ferric chloride test for diacetic acid. ’ . {■( 

' ( Principles. — The detection of acetone is based 
//upon a color reaction with nitrdprusside (Rothera’s /(//(/ );)?/ 

V’’ test) .jin which there is the formation of ferropenta- i i-41, 

. cyanide, with the isonitro compound of the ketone fit.'!'.'-*' 

.. .or the formation of such an ion with the isonitro- /- (■ 

anihe derivative of the ketone. In the Frommer test H^SlPil' 
-the. color is due to the formation of dihydroxydi- 

benzoylacetone through the interaction of salicylal- '■ *. . , , • 

. dehyde and acetone. Fic. 108.— A Simpix Dismutic" 

’•j Tests : for acetone may be unsatisfactory when Apparatus ..,(.''(. 

/ applied directly to urine. By distilling the urine The longer the delivery tube 
/ the acetone, is obtained in purer form. - Any diacetic die better will the vapor con-,. 

' add : in lhc urine wiH P aSS int ° ’* e di f tilktC aS Jdh e taterbrimmUs“n7 thflSt 

..-acetone, A simple apparatus for distilling small -’-.tube, in : a glass of cold water. 

1 amounts of urine is shown in Figure 108. (From Todd and Sanford; Clinical 

■ ■> Rothera’s Test. — 1. To 5 or 10 c.c. bf filtered > by^boratoryMeihods , (, 

/ or/distxlled urine add about 1 gram of- ammonium . • , : ' - 

. sulphate.,..'- _•’■'/ 'j _ ,(;;/' 

: ./2. Add [-2 or 3 drops of a freshly prepared 5%, solution of sodium mitroprusside. 

/ 3; -Mix (thoroughly, v ■ 1 '(///(/-/,.//'(-' •’ v- ;• (■ 

, 4. ( Stratify \vith strong' ammonium hydroxide.- '"’ V, . ( 

; 5. If acetone is present, a permanganate color tvill develop at the line of contact; . 


Ftc. 108 .— A Simple Distilling . 
Apparatus .. 


, The' longer the delivery tube 
the belter will the- vapor con/ . 
dense. Condensation may also be - 
facilitated by immersing the test . 
’--tube . in : a glass of cold water. 

/. (From Todd and Sanford, Clinical 
Diagnosis by Laboratory Methods,: 

’ W. B. Saunders Co.) 
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A modification of this test is as follows: 

1. Place 3 to 5 c.c. of urine in test tube. 

2. Add 1 c.c. of reagent and mix thoroughly. 

Reagent 


Ammonium nitrate 30 gm. 

Sodium nitroprusside 2 gm. 

Water (distilled) 80 c.c. 


3. Overlay with strong ammonia water. 

4. A purple or permanganate ring develops at the junction of the fluids il 
acetone or diacetic acid is present. 

5. Diacetic ncid, however, reacts quickly while acetone reacts more slowly and 
with less intense color, so that the two reactions grade into each other. 

Frommer’s Test. — 1. To 10 c.c. of undistilled urine in a test tube add 3 c-c*. 
of 40% solution of sodium hydroxide. 

2. Add 10 drops of a 10% alcoholic solution of salicylaldchyde. 

3. Mix and heat the upper portion to about 70° C. (do not boil) for 5 to 10 
minutes. 

4. In the presence of acetone an orange color changing to deep red appears in 
the heated portion. A yellow to brown color is negative. 

Wallhauser’s Test.— 1. Place 1 drop of Scott-Wil«on reagent on ah ordinary 
microscopic slide and place it over the mouth of the urine container to form a 
hanging drop, taking care that the regent does not come in contact with the 
container. 


Reagent 


Mercuric cyanide 1.0 gm. 

Water 60.0 c.c. 


Add a cooled solution of 18 grams of sodium hydroxide dissolved in 60 c.e. of 
water. Transfer to a heavy glass jar and add 0.29 gram of silver nitrate dissolved 
in 40 c.c. of water while constantly stirring. Will keep for six months in a tightly 
sfoppereef dart bottfe. 

2. Allow to stand for two minutes. 

3. Examine macroscopically. 

4. If the reagent remains clear, the test has giv en a negative reaction. If cloudy, 
or a precipitate forms, a positive reaction 19 indicated. 

DETECTION OT DIACETIO ACID 

Principle.— The detection of diacetic (aceto-acctic) acid depends upon the pro- 
duction of a bordeaux red or violet red color with a dilute solution of ferric 
chloride. 
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Gerhardt’s Test.— 1 . To about half a test tube full of fresh urine add a 10 
per cent ferric chloride solution drop by drop until the phosphates are precipitated. 

2. Filter. 

3. To the filtrate add more of the ferric chloride solution or place a small 
amount of the reagent in a test tube and carefully overlay with filtrate for a ring 
or contact test. 

4. If diacetic acid is present the solution will turn a bordeaux red color, but 
since a similar color may result from the presence of phenol, salicylates, antipyrine, 
sodium bicarbonate and other substances, it is necessary to repeat as follows: 

1. To 5 c.c. of urine in a test tube add 5 c.c. of water and boil down to 5 c.c. 

2. After cooling, add the ferric chloride as above. 

3. Since boiling drives off diacetic acid, the development of the color indicates 
thajt it is due to other substances. If doubtful, apply the following test. 

Lindemann’s Test, — 1. To 10 c.c. of urine in a test tube add 5 drops of 30% 
acetic acid, 5 drops of LugoFs solution and 3 c.c. of chloroform. 

2. Shake well and allow chloi oform to settle. 

3. If diacetic acid is present, the chloroform does not change color but becomes 
reddish-violet in its absence. 

4. If the urine contains much uric acid, use double the amount of Lugol’s 
solution. 


DETECTION OF BETA-OXYBUTYBIC ACID 

Hart’s Test. — 1, Dilute 20 c.c. of urine with an equal amount of water and add 
a few* drops of acetic acid. 

2. Reduce to one-half its volume by boiling to remove acetone and diacetic acid. 

3. Dilute to 20 c.c. with w’ater and place 10 c.c. in each of two test tubes. 

4. To one tube add 1 c.c. of hydrogen peroxide and w’arm gently for one minute. 
Then allow to cool. 

5. To both tubes add 10 drops of glacial acetic acid and 10 drops of freshly 
prepared concentrated sodium nitroprusside solution. 

, 6. Mix thoroughly. 

y 7. Overlay with strong ammonia water. 

8. Allow to stand three or four hours. 

9. A positive result is a purple ring in the tube treated with the peroxide, and 
none in the other. 


DETECTION OF INDICAN 

Principle. — The detection of indican (indoxyl potassium sulphate) by the test 
given below’ depends upon its decomposition and subsequent oxidation of the 
indoxyl set free into indigo blue and its absorption by chloroform. 

Obennayer’S Test. — 1 . Add to about 5 c.c of urine in a test tube an equal 
volume of Obermayer’s reagent and mix thoroughly. 
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Reagent 

Ferric chloride 2 gm. 

Hydrochloric acid (cone. sp. gr. 1.19) 1000 c.c. 

2. Heat until tube is warm. 

3. Add 2 c.c. of chloroform and mix thoroughly by inverting, but avoid violent 
shaking. 

4. Allow chloroform to settle. 

5. If indican is present, the chloroform will be colored blue, ranging from a 
trace to a very deep blue, depending upon the amount present. The indican in 
normal urine may give a faint blue. 

6. The urine of patients taking iodides may give a reddish-violet color which 
may obscure an indican reaction. By adding a few drops of concentrated sodium 
hyposulphite solution and shaking, the violet color will disappear, leaving the 
blue if indican be present. Occasionally, owing to slow oxidation, indigo red will 
form instead of indigo blue. This resembles the color given by iodides but does not 
disappear when treated with sodium hyposulphite. 

7. Hexamcthylenamine (urotropin) when taken by patients may prevent the 
reaction as likewise when it or formalin are added to urine as preservatives. 

DETECTION OP EILE PIGMENTS 

Principle. — -The tests given below depend upon the oxidation of bile pigments 
by acids with the formation of a series of colored derivatives like biliverdin 
(green), bilicyanine (blue) and choletelin (yellow). Bilirubin is perhaps the most 
important pigment. 

Rosenbach’s Modification of Gmelin’s Test. — 1. Filter 100 c.c. or more of 
urine through a small filter paper. 

2. Remove the filter paper From the funnel and allow it to partially dry. 

3. Touch the paper with a drop of old or yellow nitric acid. 

4. If bile is present, a most marked spreading ring of rainbow colors with green 
on the outside will form. 

Buppert’s Test for Bflirubin. — 1. To 10 or 15 c.c. of urine add a saturated 
solution of calcium chloride. 

2. Filter. 

3. Discard filtrate, and after perforating the filter wash precipitate into beaker 
with a small amount of alcohol acidulated with sulphuric acid. 

4. Boil the solution. 

5. If bilirubin is present, the solution will assume a bright emerald green color. 

Naumann Method. 8 — -This procedure has been found to be much more sensitive 

than the preceding. 

Principle.— The urinary pigments are adsorbed on a layer of talc and bili- 
cyanine is produced by oxidation of bilirubin by Fouche’s reagent or nitric acid. ' 

■ Biochem. 1936, 30:762. 
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Reagents.- — 1. 10% aqueous suspension of talc. 

2. Fouche's reagent: . 


Trichloracetic acid 25 gm. 

Ferric chloride (10%) 10 c.c. 

Distilled water 100 c.c. 


3. 10% nitric acid. 

Procedure. — 1. Place a piece of wet filter paper (3 era. diameter) in a Buchner 
filler (3.5 cm. diameter). Introduce 5 c.c. of the talc suspension after it is well 
shaken. 

2. Dry by suction and pour 5 c.c. of urine over the layer of talc. 

„ 3. Dry by suction, place one drop of either Fouche’s reagent or 10% HNO s 'on 
center of talc disc and dry by suction. 

/ 4. The presence of even traces of bilirubin is indicated by the appearance of a 
distinct blue color which increases in intensity for 1-2 hours and then fades slowly. 

Note: Bilirubin has been detected in normal urine by this method in amounts 
of about 0.3 mg. per 100 c.c. 

DETECTION OF BILE ACIDS 

Principles. — In Hay’s test, advantage is taken of the fact that bile acids have 
the properly of reducing the surface tension of fluids in which they are contained. 
Oliver's test depends upon the principle that a precipitate is formed of a protein 
(peptone) and bile acids. 

Hay’s Test, — 1. Cool the urine by placing it in a refrigerator for several hours. 

2. Upon the surface sprinkle a little finely powdered sulphur (“flowers of 
sulphur”) . 

3. If the sulphur sinks at oncp,.bile ggjjls ajgjmesent to the amount of 0.01% 
or more. If the sulphur sinks only after gentle agitation, tile acids are present in 
0.0025% or more. If the sulpli^r remains floating, even after gentle shaking, bile 
acids are absent. Chloroform and turpentine give false positive reactions. 

DETECTION OF BILE SALTS 

Oliver’s Test. — 1. Filter a small amount of urine (5 or 10 c.c.) until perfectly 
clear. 

2. Acidify with acetic acid (not necessary if already acid). 

3. Dilute with water until specific gravity is less than 1.008. 

4. Place 2 c.c. in test tube. 

5. Add 5 c.c. of reagent. 

Reagent 

Peptone 8.33 gm. 

Salicylic acid 1.12 gm. 

Water containing 2 drops of acetic acid. . 1000.00 c.c. 


4 
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6. A positive reaction is indicated by a milky turbidity, wit ich disappears on 
shaking, but reappears when more of the reagent is added. The presence of thymol 
vitiates the lest. A positive reaction may also be obtained in the presence of chloro- 
form or* after the administration of turpentine or its derivatives. 

If the color remains a light red within the lime allowed, the reaction indicates 
normal value. If the original reaction indicates an increase then tli; following 
quantitative test may be conducted. With a little experience one can judge by the 
color whether there is an increase above normal. 
r\ 

DETECTION OF UROEOSEIN 

Test for Urorosein. — This pigment docs not occur in normal urine but may oc- 
cur in various diseases, such as pulmonary tuberculosis, typhoid fever, nephritis, 
and stomach disorders. It is excreted as a chromogen (indole acetic acid) which is 
transformed into the pigment upon treatment with a mineral acid: 

1. Place 10 c.c. of urine in a test tube. 

2. Add 5 c.c. of concentrated hydrochloric acid ancjjufcw drops of a 1% solu- 
tion oLpotassjunp nitrit£j ' 

^3. Mix thoroughly. 

4. A rose-red color indicates urorosein, • 

DETECTION OF UEOBILIN AND TTROBIUNOOEN 

Schlesinger's Test for Urobilin.— It is claimed that urobilin is excreted as a 
chromogen, urobilinogen, which is changed by light into urobilin within a few 
hours after the urine is voided. 

1. To 10 c.c. of urine in a test tube add a few drops of Lugol’s solution to 
transform the chromogen into the pigment. 

2. Add 10 c.c. of a saturated alcoholic solution of zinc acetate. 

3. Mix and filter. 

4. View the filtrate in sunlight against a dark background or with light con- 
centrated upon it with a lens; a greenish fluorescence indicates the presence of 
urobilin. 

5. Bile pigment, if present, should be previously removed by adding one-fifth 
volume of 10$ solution of calcium chloride and filtering. 

Ehrlich’s Test for Urobilinogen (Wallace and Diamond) ."—Urobilinogen is 
a normal constituent and, as stated above, is converted into urobilin upon standing. 
It is increased whenever there is an excess of bilirubin formed through exce^he 
destruction of erythrocytes, especially in pernicious anemia and malaria. When 
the liver cells fail to function properly there is an increase and for this reason the 
test has become of practical valtfe as a fiver function lest. 

A marked decrease or even total absence may occur in obstructive jaundice when 
the obstruction is complete or nearly complete. If the obstruction is only partial 
it may be normal or even increased. 

1. Place 10 c.c. of urine in a test tube 15 millimeters in diameter. Tbe urine 

6 Arch. Int. Med, 1925, 35:698. 
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should not be too cold. If very cold, allow it to stand at room temperature or gently 
heat to 65° F. to 80° F. 

2. Add 1 c.c. of Ehrlich’s reagent and mix. 


Reagent 

Paradimethylaminobenzaldehyde 2 gm. 

Hydrochloric acid (cone.) 50 c.c. 

Water 50 c.c. 

1 


3. Allow to stand for from one to three minutes, at the end of which time a 
cherry-red color appears if uiobilin is present in abnormal amount. A light red and 
shades of pink appear when it is present in normal quantity. The examination for 
color should be made by viewing the contents thiough the mouth of the tube, 
holding it at a slight angle over white paper. 

4. If no color appears the tube should be allowed to stand longer and then if 
still no color appears it should be heated arid again examined before reporting 
an absence of urobilinogen. 

5. A quantitative test may be conducted as follows: 

(a) Place 6 test tubes (15. millimeters in diameter) in a rack. In them place the 
following amounts of urinef 

No. 1 10 c.c. 1:20 No. 4 10 c.c. 1:50 

No. 2 10 c.c. 1:30 No. 5 10 c.c. 1:100 

No. 3 10 c.c. 1:40 No. 6 10 c.c. 1:200 

The water used<|or diluting should not he too cold. If tap water is used it may 
he necessary to add enough warm water to biing it to about room temperature 
(between 65° F: and 85° F.) 

(b) To each tube add 1 c.c. of Ehrlich’s reagent and mix. 

(c) At the end of five minutes examine the tubes by viewing through the mouth 

against a whit§ background. Note the highest dilution which shows the,, slightest 
pink color. This is reported as positive 1:50, 1:200, etc. J, 

When possible the readings should be made by daylight, as artificial light has a 
tendency to intensify tire color. Highly concentrated urines may give a yellowish 
hrown discoloration which has to he differentiated from the true pink reaction of 
urobilinogen. Readings up to 1 :20 are considered normal. 

(d) Bile pigment, if present, should be pieviously removed by adding 1 part 
of 10% solution of calcium chloride to 4 parts of urine, and filtering. 

(e) Pyridium if present, will give a positive reaction to the test. Therefore 
specimens containing this drug are unsuitable for testing. This false positive 
reaction may be detected by treating the urine with HC1 alone. A pink or red color 
with acid indicates tire presence of the dye. By discontinuing the pyridium for three 
or four days a true lest for urobilinogen can be obtained. Schlesinger’s test for 
urobilin described on page 158, is not affected by pyridium and may be substituted 
in such cases. 
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(/) Wallace and Diamond recommend the examination of single fresh specimens 
rather than total twenty-four specimens, as at least one specimen with urobilinogen 
content may be found. Such increase, if occurring even once a day, signifies a 
pathologic condition. 

EHRLICH'S DIAZO REACTION 

The exact nature of the diazo substance or substances is unknown. It may be due 
to an increased excretion of urochromogen, allox) protcic acid, oxyproteic acid, or 
uroferric acid. The reaction occurs in the uriner in febrile disorders, c«peciall) 
typhoid fever, tuberculosis, and measles. Reactions more or less resembling it may 
occur after the administration of opium and its alkaloids, salol, creosote, phenol, 


the iodides, naphlhalin and tannic acid. 

The reagents arc: 

No. 1 

Sulphanilic acid 1.0 gm. 

Hydrochloric acid (cone.) 10.0 ex. 

Water 200.0 c.c. 

No. 2 

Sodium nitrile 0.5 gm. 

Water 100.0 c.c. 


No. 3 

Strong ammonia water'" 

1. Mix 10 c.c. of No. 1 with 0.1 c.c of No. 2 in a test tube (Greene). 

2. Mix and add an equal amount of urine. 

3. Mix and carefully overlay with 1 or 2 c.c. of No. 3. 

4. A positive reaction is indicated by a garnet (eosin pink to deep crimson) 
red color at the line of contact. Upon shaking a distinct pink color is imparted to 
the foam (essential feature). The color is a pure pink or red; any trace of jellon 
or orange is a negative reaction. A doubtful reaction should be considered negative. 

DETECTION Or UROOHROMOQEN 

Principles. — According to Weisz, the detection of urochromogen in the urine is 
of importance in tuberculosis. He believed the diazo reaction to be due to urochro- 
mogen which fails to he converted into urochrome. The permanganate reaction de- 
tects both urochromogen and an antecedent substance. It has about the same value 
as the diazo reaction. 

Weisz's Test. 7 — 1. To 3 c.c. of urine in a test tube, add 2 volumes of water and 
divide the diluted urine between 2 tubes, one serving as a control. 

2. To one tube add 3 drops of a 1:1000 aqueous solution of potassium per* 
• manganate. 

* Munchen. Med. tFcAnscAr, 1911, 58:1348. 
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3. Shake well. A yellow color or a deepening of the color when compared with 
the control indicates urochromogen. 

DETECTION OF BLOOD A 

Principles. — The conditions in which blood occurs in the urine may be classified 
under hematuria and hemoglobinuria. In the former one is able to detect not only 
hemoglobin but the unruptured corpuscles as well (see microscopy), whereas in 
the latter the hemoglobin alone is present. 

The presence of blood is usually detected by the color of the urine, but the 
detection of traces requires microscopical and chemical examination. For the latter 
the usual tests for “occult blood” are required. 

Benzidine Test. — 1 . Prepare a saturated solution of benzidine base (Merck’s) 
by dissolving a knife point full in 2 c.c. of glacial acetic acid in a test tube. Warm 
if necessary. 

2. Add an equal volume of 3% hydrogen peroxide. 

3. Add 2 c.c. of the urine and mix. 

4. The appearance of a blue color indicates a positive reaction. 

5. Set up a control, using water instead of urine. 

As the reaction with mine may be sufficiently turbid to mask the color, the 
following test by Ruttan and Hardisty is recommended as being more satisfactory: 

Orthotoluidifie Test. — 1. In a test tube mix 1 c.c. of reagent with 1 c.c. of urine 
and 1 c.c. of 3% hydrogen peroxide. 

Reagent 


Orthotoluidine 4.0 c.c. 

Glacial acetic acid q.s 100.0 c.c. 


Dissolve. Keeps for a month without loss of delicacy. 

2. In the presence of blood a bluish color develops (sometimes rather slowly) 

which persists for some time (.several hours in some instances) . 

* 

DETECTION OF HEMATOPOEFHYBIN > 

Principle. — The pigment is precipitated with the phosphates, recovered, washed ' 
aud prepared in solution in acid alcohol for spectroscopic examination. 

Procedure. — 1 . To 100 c.c. of urine add 20 c.c. of a 10 per cent solution of 
sodium hydroxide, 

2. Filter or centrifugalize off the precipitate. 

3. Wash the precipitate with water and with alcohol. 

4. Add 5 c.c. of alcohol and 5 to 10 drops of concentrated hydrochloric acid. 

5. Dissolve, filter until absolutely clear and examine spectroscopically for the 
absorption hands of acid hematoporphyrin (Fig. 109). 

0. An acetic acid test, which is much less reliable, consists in adding 5 c.c. of 
glacial acetic acid to 100 c.c. of urine and allowing the mixture to stand forty- 
e igkt hours. The pigment deposits in the form of a precipitate. 
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DETERMINATION OF CHLORIDES 

Principle. — Tht> principle of the Volhard method is employed; precipitation i 
silver chloride with a known amount of silver nitrate and titration of the cut: 



Fie. 109 . — Absorption Spectra 


(After Seifert eni) JVJaJ Jer.) 


siiier nitrate by means of thiocyanate using ferric ammonium sulphate as an 
indicator. 1 


Reagents.— 1. Silver Reagent .— Dissolve 29.012 grams silver nitrate in 150 c.c 
water. Dissolve 150 grams ferric alum in 350 c.c. water with the aid of heat. Cool 
somewhat and transfer both solutions to a liter volumetric flask. Add 400 c.c. 
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concentrated nitric heid. , Cool to room temperature and dilute to mark. One c.c. : . . 
.. equals 10 milligrams. sodium chloride. •' T*' ' 

' . 2; Ammonium : 1 hiocyanale Solution . — Dissolve about 14 grams ammonium - 
•thiocyanate in a, liter of water. Mix thoroughly. Place- in the buret. Place 10 c.c. 

of. theUilver reagent in -a- 100 c.c. casserole, add 20 c.c. water , and titrate to the \ 

: first permarieht salinon color. . ■ 

t — c.c. thiocyanate titration “ 

To. a 1000 c.c. volumetric flask add 1000 — 100/ c.c. of water and add the thio- 
cyanate solution; to the mark. Mix. The solution should be* exactly equal , to the 
silver. Checkjby., repeating the titration. . . 

Procedure . (¥olhard-Harvey ) . — Transfer 5 c.c. of urine to 100 c.c. casserole; : 
add 20 c.c. water, and 10 c.c. of silver reagent. Titrate with thiocyanate from the. 
buret. The first permanent salmon-red color is the end-point. . * , - 

; Calculation: 

’.£• , . t == c.e. thiocyanate titration 

y: - volume of urine, excreted in c.c. 

’ - (10 — 0 X 0.01 X = grams of sodium chloride . 

.V ' ' • 5 

' V-.'.l •' ■ or ' ■ 

(10 — /) X 0.002 X volume of urine in c.c. = grams of sodium chloride excreted. : 

Notes.— 1.. j The sodium chloride in the urine depends on the amount eaten in: 
the diet. It is useful in checking the efficacy of a salt-free diet. 

’ (.21 The rate of chloride excretion is at times employed as a test of kidney function. 

\>P ’"".I;; \ DETECTION OF MELANIN . .... • "} 

Tests for Melanin — (a) Add a few drops of a solution of ferric chloride to. . 

10 c.c. of urine. If melanin is present a gray precipitate forms which blackens on 
'Standing. ;,;V. ... :i ] ; 

V- (6) Mix equal parts of urine and bromine water. If melanin is present a yellow- 
ish precipitate formsiywhich gradually turns black. X . 

Blackberg' and Test.' 8 — 1. Evaporate a 24-hour specimen of urine 

' to one-lliird .of its original volume and for each 100 c.c. of concentrated urine, .add 
. .1 giru. of potassium persulphate. ‘ ' ; . ' 

, 2*. Allow to stand 2 hours and add an equal volume of absolute methyl alcohol ; 
mix arid , allow the precipitated melanin to settle. ; 

v. 3., Filter off the precipitate, wash with water until the washings are colorless, 

. and then, wash with methyl alcohol to remove any remaining, soluble, pigments. 

■y'^ '..4, .Finally, wash with ether. _ • . •• ,s . ' ;;i y. : ' 

•, y 5. If melanin is 1 present a brownish-hlack precipitate remains on the filter. The 
. precipitate is soluble in 5% sodium hydroxide solution from which it may ; again 
-X;be. precipitated, by the addition of acid. . / - - 

;-V 8 /• Am. M. Ass., 1933, 100:334. ' ' V •:/!; ■ y ; ,( ’y‘ 'y' ■ ' 
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DETECTION OT EORMAXDEHYDE 

Principle. — In the use of hexamethylenamine (urotropin) as a urinary antiseptic, 
its action depends on the liberation of formaldehyde in acid urine. To inhibit bac- 
terial growth, 1 part of formaldehyde must he present in 5000 parts urine, a 
condition that is secured in only about 50% of patients who are taking this 
treatment. 

Bumam's Test. — 1. Remove any albumin by careful boiling of urine and fil- 
tration. 

2. Cool about 10 e.c. of this filtered urine in n test tube to about 37® C. 

3. Add 0.2 c.c. each of 0.5% phenylhydrazirie hydrochloride and 5% sodium 
mtroprusside. 

4. Run a few drops of 20% sodium hydroxide down the wall of the te*t tube 
and observe it as it diffuses through the mixture. 

5. If sufficient formaldehyde is present the mixture will assume a purpji«h blue 
color dial changes rapidly to dark green, light green and finally pale yellow. 

6. Insufficient formaldehyde is indicated by tbe formation of reddish color 
changing to pale yellow. 


MICROSCOPIC EXAMINATION 

General Recommendations. — 1. As far as possible specimens should be ex- 
amined within six hours after voiding. 

2. Unless kept at a low temperature, twenty-four-hour specimens should have 
a preservative added. 

3. Alkaline specimens cloudy with phosphates and olwcuring oilier elements nrn 
be slightly acidified with dilute acetic acid to redbsolve them. 

4. Highly acid specimens containing heavy sediments of urates obscuring other 
elements may be slightly warmed to redissolve them. 

5. If centrifuging is not employed, the sediment should l>e allowed to collect by 
gravity (preferably in a conical container} and examined before other tests are 
conducted. 

6. Centrifuging, however, is required for the examination of small amounts of 
sediment and is advised routinely. 

Qualitative Method. — 1. Secure sediment by centrifuging at least 15 c.c. for 
three to five minutes or by allowing the urine to stand at least six to twelve hours 
in a cool place for settling by gravity (preferably in a conical container). 

2. Remove a drop of sediment by means of a pipet and place on a slide. The 
pipet may be a piece of tubing drawn to a blunt point and fitted with a nipple- 
Eight may be prepared at one time by using slides of ordinary window glass, 
4 by 8 inches, divided by painted lines into 8 compartments. The stage of the 
microscope may be extended by a wooden table, but this is not absolutely nec- 
essary. 

3. Cover glasses are not essential for ordinary examination but are advisable 
for high-power examinations. 
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4. The examination must he completed before drying takes place. 

5. Examine with low power and with oblique illumination obtained by swing- 
ing the mirror a little out of the optical axis. Too strong illumination and too 
great magnification are common sources of error. 

Counting Chamber Method. — A counting chamber may be used, especially for 
counting leukocytes (pus cells). 

1. The urine should be fresh, well shaken and examined as soon as possible 
after collection. Do not centrifuge. 

2. Fill a Thoma leukocyte pipet to the mark 1 with diluting fluid (5 per cent 
solution of glacial acetic acid), and to 11 with urine. 

3. Shake w ell. Discard 2 or 3 drops. Place a drop in a Fuchs-Rosenthal chamber 
as used for counting cells in spinal fluid. Adjust the cover glass. 

4. Wail five minutes for the cells to settle. 

5. With the 16 millimeter objective and 10 X ocular, count all the cells in the 
entire ruling. 

6. Multiply by 0.35 to give the number per cjnni, 

7. Multiply by 350 to give the number per c.c. of undiluted urine. 

The Addis method is described in Chapter VII. 

FORMED ELEMENTS IN URINE 
Ux'OKG VMZED SEDIMENTS 

Crystals in Acid Urine. — 1. Uric Acid Crystals and Urates. — These do not ap- 
pear normally in urine at the lime of voiding. All acid urines upon standing, 
particularly when cold, will precipitate the uiic acid nonnally present in solution 
in the form of crystals or as amorphous urates. Therefoie. the finding of uric acid 
crystals in other than freshly voided specimens is of no clinical significance. The 
urates produce cloudiness and in highly concentrated specimens may appear milky 
or have a pinkish or reddish color. The former may be mistaken for pus and the 
latter for blood. A simple lest is to warm the specimen, wheieupon the mates will 
redissolye and the specimen will become eleaied of this piecipitate. The crystals 
may settle out and appear as red grains (gravel oi red sand). Microscopically they 
vaiy greatly in size and shape (Fig. 110(3) and Fig. 111(1)). Hie typical ones 
have a yellow or reddish biown color. This color is due to urinary pigment, 
chiefly uro-erythrine. Coloiless crystals are sometimes seen. If these are hexagonal, 
they may resemble cystine. All colored crystals found in acid urine can safely he 
considered as uric acid irrespective of their shape. They are soluble in sodium 
hydroxide, 'insoluble in hydrochloric or acetic acid, and dissolve in ammonia with 
the formation of ciystals of ammonium mate. 

2. Calcium Oxalate. — These crystals commonly found in acid mine may occa- 
sionally be seen in neutral or slightly alkaline urine. Theii piesence is of clinical 
significance only when found immediately after voiding. The common cause of 
their presence is the ingestion of foods which are rich in oxalic acid such as 
tomatoes, spinach, rhubarb and asparagus. The}' usually appear as colorless, 
octahedial crystals, having the appearance of small squares crossed by two in- 
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tcrsecling diagonal lines, the so called -“envelope crystals.” They vary greatly in 
size and may occur as dumb-bells or spheres (Fig. Ill# ). They are soluble in 
strong hydrochloric acid, and recrystallize upon the addition of ammonia. 

3. Cysttne. Cystine is one of the nmino-acids formed in the decomposition of 

protein. It is present in traces in normal urine, but only when an excessive amount 



IA, triple phosphates (feathery type); IB, calcium phosphate; 2, cysttne; 3, uric acid 
crystals; 4, diatoms. 


is present are crystals formed. They are rarely- seen. They occur as colorless, 
highly refractive, hexagonal plates with well defined edge*, and are soluble in 
hydrochloric acid and insoluble in acetic acid. (See Fig. 110(2).) 

4. Leucine anel Tyrosine . — These substances rarely occur in urine. Both are 
- cletage products of the protein^ molecule and usually occur together. Leucine 
appears in the forms of yelly4wsh, oily looking spheres, many with radial and 
concentric striations. It is not soluble in hydrochloric acid or in ether. Tyrosine 
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They may, when rapidly precipitated, take feathery or leaf-like forms {see 

Fig. 110(1 A) and Fig. 112(2)). 

2. Amorphous Phosphates.— Common in alkaline urine and appears ns n granu- 
lar precipitate (see Fig. 112(1)). 

3. Acid Ammonium Biurate. — It is precipitated only when free ammonia is pres- 
ent and is therefore usually found along with phosphates in decomposing urine. 



1. Amorphous phosphates (after Riedert). 2. Triple phosphates (after Todd and Sanford). 
3. Calcium sulphate (after Riedert). 4. Leucine and tyrosine (after Riedert). 


It occurs in the form of yellow spheres with a spicule, the so called “thorn-apple . 
crystals.” Occasionally they form sheaves of fine needles, and rhizome forms (sc* 
Fig. 111(3)). 

4. Calcium Carbonate. — Occurs as amorphous granules or colorless spheres and 
dumb-bells^ It dissolves readily in acetic acid with the formation of gas. 

All of the precipitates found in alkaline urine are soluble in acetic heid. 
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lively small numbers. Specimens from the female are commonly contaminated with 
cells of this type originating from the vagina. Although the vaginal cells are 
especially large, thin, angular and frequently rolled up, it is very difficult to 
determine the source of these cells in such cases with any degree of certainty. 

2. Small Round or Polyhedral . — These cells are somewhat larger than the 



r v^i ww^mi 

Fic. 1 14. — Urinary Leukocytes, Erythrocytes, Molds and Artefacts 
I. Leukocytes (after Todd and Sanford). 2- Erythrocytes (after Todd and Sanford). 3. Molds 
(after Riedert). 4. Artefacts (after Riedert). 

polymorphonuclear leukocyte and have a single round nucleus. They come front 
the urimferous tubules or the deeper layers of any part of the urinary tract. Only 
when these cells are found adhering to casts can they be considered as of renal 
origin. See Figure 113. 

3. Caudate. — These are smaller than the squamous cell and have tail-like proc- 
esses. They come most frequently from the pelvis of the kidney but may also 
originate from the neck of the bladder. See figure 113. 



METHODS FOR THE EXAMINATION OF URINE 171 

Leukocytes. — A small number of leukocytes are present in normal urine. Anv 
marked increase in their number is significant of disease somewhere along the 
urinary tract in males, and from either the urinary or genital tracts in the female, 
unless the specimen is obtained by catheterization. Contamination of the specimen 
with vaginal discharge may introduce large numbers of leukocytes. Dead leuko- 
cytes are called pus cells (Fig. 114). There is no way of determining whether a 
leukocyte is dead or alive except in the case of those showing degenerative changes 
such as swelling, disintegiation and a tendency to aggregate in clumps. It is com- 
mon practice to call them leukocytes when they occur in normal numbers and pus 



Fro. 115.— Pus Corpuscles in Urine 

A, as ordinarily seen. At the lower left are two ameboid corpuscles. The large structure at 
the right is a hit of degenerated epithelium; D, when treated with acetic acid (X475J. (Front 
Told and Sanford, Clinical Diagnosis by Laboratory Methods, W. B. Saunders Co., Phila- 
delphia). 

t 

cells when they are definitely increased. The nuclei are frequently indistinct or 
obscured by granules. The addition of a little dilute acetic acid brings the nuclei 
clearly into view. See Figure 115. 

Pus when at all abundant adds an appreciable amount of albumin and forms 
a while sediment resembling that produced by phosphates. The leukocytes usually 
found in urine are neutrophils (polymorphonuclear). Occasionally plasma cells 
are present, usually with neutrophils. These have a single round nucleus, located 
at one side of the celk In alkaline urines the pus may he transformed by the 
alkalis into a gelatinous substance giving the urine a mucilaginous consistency. 

Erythrocytes. — These cells are not found in normal urine. Their presence is 
always pathological when contamination with menstrual discharge can he ex- 
cluded. The cells may have a normal appearance or may he crenated, swollen or 
hemolyzed. When blood is present in a large amount, it will change the color of 
the urine to a hazy reddish or brown color, commonly called smoky. 

When the cells are atypical or theie is any doubt, add a little dilute acetic acid. 
If they are erythrocytes, they will dissolve and disappear. Occult blood tests can 
be used as confirming tests. However, they are not sensitive enough in cases where 
only a very few cells are found microscopically. See Figure 114(2). 




J 


172 CLINICAL PATHOLOGICAL METHODS 

Casts.— 1. Hyaline . — -These casts arc colorless, homogeneous, semi-transparent 
and cylindrical in shape (Tig. 116). They are difficult to see unless the proper 
illumination is used. Although described as homogeneous, upon careful examination 
a small amount o! granular material is usually seen adhering to them. They are 



Riedert) . 


usually straight with parallel sides and rounded ends. Occasionally, curved and 
convoluted forms are seen. They are readily soluble in acetic acid in contract t« 
fatty casts which are insoluble. 

2. Granular .- — These are hyaline casts containing many fine or coarse granules. 
Those having very fine granules are called u finely granular ” and those having 
coarse granules, "coarsely granular.” See Figure 116. 

3. TFaxy . — These are homogeneous like the hyaline cast, hut more opa<I ue 
They have a dull waxy appearance and are often grayish. All gradations betweer 
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hyaline and waxy casts may be found. * 
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7 . p u s. — These ore composed almost entirely of pus cell*, rinding an occasional 
pus cell in casts has no special significance. It is only when the cast is neatly or 
completely filled with pus cells that they are reported as pus casts. 

8. Blood. — -These contain many erythrocytes which are often degenerated. See 
Figure 117. 

Pseudocaats. — 1. Mucous threads often appear as long strands resembling 
hyaline casts. They are more ribbon-1 ike, tapering at the ends and have less defined 
ed ges. See Figure 117. 

2. Urates or phosphates may aggregate into cylindrical masses resembling gran- 
ular casts. The application of heat will dissolve the urates, and acetic acid the 
phosphates. 

Cylindroids. — These are formations which closely resemble hyaline casts. They 
are, however, longer, more ribbon- or hand-like and tnper to a slender tail which 
is often lwi«ted or curled. See Figure 117. 

Spermatozoa. — These are usually present in specimens collected after nocturnal 
emissions or prostalic massage and as the result of vaginal contamination after 
co/lus. They are easily recognized. See Figure 113. 

Bacteria.— Normal urine does not contain bacteria. However, urine is readily- 
contaminated when passing through the urethra and with vaginal secretions in the 
female. Since urine is a very good culture medium for many bacteria, multiplica- 
tion takes place rapidly. Bacteria when in large numbers, cau«e uniform cloudiness 
of the specimen which will not clear by filtration. In disease, pathogenic bacteria 
may be present, which require special examination for their detection. 

Extraneous Matter. — The accidental contamination of urine with extraneous 
matter is not at all uncommon. The source is usually the u«c of unclean containers 
or utensils for collecting of specimens. Yeasts are often found in specimens 
which have stood for some time. They multiply rapidly, particularly in urines 
containing sugar. They may be mistaken for erythrocytes from which they may 
be distinguished by their oval shape, tendency to form chains, the presence of 
budding forms and their insolubility in acids or alkalis. Molds are commonly 
found in urine which has stood 21 hours or more (Fig. II H3) ). Fibers of wool, 
cotton, linen or silk may come from clothing, towels or the air (Fig. 2If(4)). 
Oil droplets, which are highly refractive, may come from oiled catheters or un- 
clean containers. Diatoms from tap water are not uncommon (Fig. 110(4))- 



CHAPTER VI 


METHODS FOR THE HORMONAL DIAGNOSIS OF EARLY 
PREGNANCY, HYDATIDIFORM MOLE, CHORION- 
EPITHELIOMA AND TERATOMATA 
OF THE TESTICLE 

By Israel Davidsohn and Harry L. Reinhart 

Principles. — During pregnancy there is an increase in the amount of gonad 
stimulating factors (anterior pituitary hormone?) excreted in the urine. In the 
presence of hydatidiform mole and of chorionepithelioma the hormone is present 
in the urine in much larger quantities than in pregnancy. In the presence of a 
teratoma of the testicle there is also a marked increase of the hormone. In normal 
man and woman there are from five to ten mouse units per liter of urine. When 
urine containing an increased amount of this hormone is injected into female 
animals, such as mice, rats or rabbits, it produces marked changes in the ovaries. 
The changes are not observed in animals injected with urine from non-pregnant 
women. The tests are stated to be reliable after the tenth day following the first 
missed menstrual period following suspected conception. They remain positive 
until 7 days after the birth of a full term baby and for 10 to 16 days after an 
abortion in the early months of pregnancy. 

V 

THE ASCHHEIM-ZONDEK TEST i 

1. Collect morning specimen of urine in clean container. (Sterile precautions 
are not necessary.) If specimen is to be sent by mail or in case of delay for other 
reasons, preserve by adding about 4 grains of boric acid crystals per 100 c.c. of 
urine. In the laboratory, keep the specimen on ice. 

2. Adjust reaction to slightly acid if specimen is alkaline. 

3. Filter through paper or centrifuge and use supernatant urine. 

4. Mice or rats can be employed. If mice are used they should be young females 
weighing between 8 and 10 grams (21 days of age). Inject 5 animals under the 
skin of the back with 6 doses of 0.5 c.c. of urine distributed over 2 days. 

5. If rats are used they should be young females, thirty to forty-five days old 
and not weighing over 65 grams. Only one rat is used for each test. Inject sub- 
cutaneously with 0.5 c.c. of urine twice daily on three successive days. 

6. Ninety-six hours following the first injection kill the animal with an anes- 
thetic or with illuminating gas and examine the genital organs. Positive results 
have been observed as early as sixty hours after the first injection. If speed is indi* 

1 S. Aschhelm, “Pregnancy Test,” J. Am. M. Ass., April, 1935, 104:1324-29. 
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cated (as In suspected ectopic pregnancy) use a large number o! mice, examine 
a few after sixty hours, and if the result is negative examine the other mice after 
ninety-six hours. 

7. In positive cases the ovaries are enlarged, hypercmic and show hemorrhagic 
spots and yellowish protrusions which are due to hemorrhages into the follicles and 
corpora lutea respectively. The uterine horns nrc enlarged, the hymen open and 
smears of the vagina] secretion show changes in the cell types due to cstrum. 
These vaginal changes are due to female sex hormone and therefore alone cannot 
L»e considered as positive findings. Histological examination of sections of the 
ovaries may he helpful. 


THE FRIEDMAN TEST* 

1. Collect urine as described under Aschheim-Zondek test. 

2. Filler. 

3. Inject two doses of 10 c.c. each at about six hours’ intervals in the ear vein 
vf a female rabbit which should be not less than seventeen weeks old and should 
weigh not less than 1500 grams. One dose of 13-15 c.c. is probably preferred. 
Sterile precautions are not necessary, but the urine should be warmed up to room 
temperature before the injection. The rabbits should be obtained from a reliable 
breeder. They should be separated at weaning and kept in individual cages for 
three to four weeks before use. Some authors * prefer mature nonpregnant rabbits 
not less than six months old and weighing not less than 2.5 kilograms. They should 
have had a litter and been isolated for three to four weeks preceding the test. 
Such mature rabbits should receive two injections of 15 c.c. of urine. 

4. Anesthetize the rabbit forty-eight hours after first injection and examine 
ovaries. Ether or intravenous injection of sodium amytal (00 mg. per kg. of body 
weight in distilled water) 30 to 40 minutes before operation are recommended 
as anesthetics or local using 29? novacain. Place rabbit on operating board and 
elevate the caudal end of the animal to permit a better view of the genital organs. 

5. If negative, the ovaries remain small in size and show no change (see A in 
Plate IV); if positive, from 1 to 14 corpora haemorrhagica and corpora lutea are 
found present in each ovary. In some instances a positive result has been obtained 
in twelve hours and Schneider 1 recommends injecting two rabbits in cases in 
which a diagnosis of pregnancy might influence a decision regarding operation. 
The first rabbit is then examined at twelve to twenty-four hours and the result 
checked by examination on the second rabbit at forty-eight hours without loss of 
time. If one ovary appears negative the other must be examined, but if one ovary 

*M. H. Friedman and M. E. Lapham, “Simple, Rapid Procedure for liberal cry Diagnosis 
of Early Pregnancies," Am. ]. Obit. & Cynec, March, 1931. 21:404410. 

*H. L, Reinhart, “The Results of Two Years Experience with the Friedman Test," d*. 7. 
Clin. Path, Jan., 1933, 3.915. 

L. Davy and E. L. Sevringhaus, “Analjsis of Errors Inherent in Pregnancy Tests Based 
on Aschheim-Zondek Reaction," Am. J. Obst. & Cynee., Dee, 1941, 28:888-901. 

4 P. F. Schneider, “A Hormone Test for the Diagnosis of Early Pregnancy," Sure. Cynee. & 
06it„ 1931, 52:56-60. 



179 


HORMONAL DIAGNOSIS: PREGNANCY AND TUMORS 

appears positive the other need not he inspected. It is well to remember that some 
rabbits, though fortunately only few, are refractory to the injection of gonad 
stimulating factors and fail to show the characteristic changes in the ovaries even 
when injected with the urine of known pregnant patients. This seems to be more 
often the case in young than in older rabbits. Such rabbits have commonly small 
and poorly developed ovaries. Therefore, if the ovaries appear small and the 
follicles indistinct, it is advisable to inject the rabbit with 10 c.c. of urine from 
a known pregnant patient, and to withhold the final report until the rabbit was 
shown to react to a known positive urine. If it remains negative then a new rabbit 
has to be injected. 

Negative rabbits can be used again immediately. Rabbits with positive results 
can be used after an isolation for ten to fourteen days. The abdominal wound 
should be closed in tw'o layers. 

6. Toxicity of the urine for animals have been occasionally found due to drugs 
taken by the patients. Different detoxifying methods have been recommended. 

Detoxifying Method of Zondek. — Filter 30 c.c. of fresh urine and add 90 c.c. 
of ether. Shake vigorously in a separatory funnel for five minutes and allow to 
layer. The urine layer is drawn off into an open beaker and allowed to stand in 
the open air until the residual ether evaporates. Dissolve 0.9 gm. of glucose in this 
ether-freed urine, and keep the specimen in a refrigerator until used. 

Good results were obtained by washing the urine three times with equal quanti- 
ties of ether, discarding the latter and letting all tiaces of it evaporate from the 
urine. 

QUANTITATIVE ASCHHEIM-ZONDEK TEST FOR THE DIAGNOSIS OF 
HYDATIDIFORM MOLE AND CHORIONEPITHELIOMA s 

Inject groups of 5 mice with 6 doses of 0.5 c.c. each of urine diluted 1 : 10, 1 : 50, 

1 : 100, and 1 : 1000. The technic is the same as foi the qualitative Asclrheim- 
Zondek test. If the dilution of 1:10 gives a positive result then no less than 3.330 
mouse units of hormone are assumed to be present per liter of urine, with cor- 
responding higher values if the higher dilutions give positive results. A negative 
test does not exclude chorionepithelioma. 

QUANTITATIVE ASCHHEIM-ZONDEK TEST FOR THE DIAGNOSIS OF 

TERATOMA OF TESTIS c 

In about one-third of these tumors the amount of hormone eliminated in the 
urine is less than 2,000 mouse units per liter. To recognize these cases the urine 
must be concentrated according to the method of Ferguson. 

Preparation of Concentrate. — 1. The fresh morning specimen of urine is 
filtered if cloudy, and if alkaline is rendered faintly acid to litmus paper with 
a few drops of v'eak acetic acid. 

2. Add 100 c.c. of 95% alcohol to 20 c.c. of this urine in a graduate and mix 

5 M. L. Leventlial and W, Sapiiir, ]. Am. M. Ass., Sept., 1934, 103:668. 

C K. S. Ferguson, Am. J. Cancer , 1933, 18:269-295, 
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by Inverting sex eral limes. The mixture is allowed to stand overnight, the hormone 
separating out in the precipitate. . 

3. The following morning the supernatant fluid is siphoned off, leaving about 
20 c.c. of fluid over the precipitate. This is centrifuged for 5 minutes at 2000 r.p.jnV 
The supernatant fluid is poured off. 

4. Add 30 c.c. of ether to the precipitate and mix by stirring with a glass rod 
for ten minutes. Again centrifuge for five minutes and pour off the ether. 

5. Distribute the precipitate around the bottom of the tube, using a glass rod, 
and allow it to dry. Add 4 c.c. of distilled water; mix, and allow to stand over- 
night. 

6. Centrifuge this mixture the following morning. The water now contains the 
hormone; it is pipetted off and kept in the refrigerator until u«ed. This extract 
is a 5x concentrate of the fresh urine. Stronger extracts may be made by modifying 
the method. 

Six mice are used. Three are given 5 doses of 0.1, 0.2, and 0.4 c.c. of fresh 
urine and the other three similar doses of the concentrate. 

According to Terguson, there is a direct relation between the embryonal character 
of the tumor and the quantity of the excreted hormone. The highest amounts are 
found in chorionepithelioma, lc«s in the embryonal adenocarcinoma and least in 
the teratoma of adult type. It disappears after- successful removal of the tumor, 
decreases in quantity after irradiation, increases in recurrences am! in the presence 
of melastases. However, further studies are needed to confirm those views and it 
must be remembered that a negative hormone test does not exclude malignancy of 
the testis. 



CHAPTER VII 


METHODS FOR CONDUCTING TESTS OF 
KIDNEY FUNCTION 

Principles. — 1 . In approaching the subject of renal functional diagnosis one 
must bear in mind the fact that tests of kidney function are designed to indicate 
only the functional efficiency of the kidneys under the conditions existing at the 
time and with regard to the particular function or functions to which the test 
applies. The chief source of disappointment in the use of these methods comes 
from attempts to interpret the results obtained in terms of the probable nature 
and extent of renal disease. 

2. It must be realized that functional diagnosis and disease diagnosis are by 
no means synonymous terms and that marked functional impairment may exist 
in the absence of extensive demonstrable tissue damage, and vice versa. The ability 
of the kidneys to function efficiently may be affected by certain primarily extrarenal 
factors, including profound circulatory disturbances (shock, congestive heart fail- 
ure), obstructive urinary tract lesions and prerenal deviation of water (vomiting, 
diarrhea and edema), and, conversely, because of their wide margin of safety, 
they may be able to function efficiently despite the existence of extensive organic 
disease. 

3. Furthermore, the prognostic significance of abnormal functional findings is 
dependent upon the nature of the underlying pathologic process. For example, 
marked functional impairment in chronic glomerulonephritis is usually of ominous 
portent, whereas a similar degree of impairment in acute glomerulonephritis is not 
necessarily so, kidney function returning to normal if the renal lesion heals com- 
pletely, as it so often does. 

4. A sharp distinction must be made, therefore, between methods of functional 
diagnosis and disease diagnosis. The value of the former must be obvious, par- 
ticularly in view of the fact that other clinical methods and the evaluation of sub- 
jective manifestations are notoriously unreliable in estimating the presence or 
extent of renal functional impairment. 

CONCENTRATION TESTS FOR RENAL FUNCTION 

Principles. — Broadly speaking, one of the most important functions of the kid- 
ney is to eliminate a certain required quantity of solids, organic and inorganic, 
in a certain amount of water, which varies normally according to the intake and 
to its elimination through other channels. In the process of their removal from 
the blood ’and their passage through the uriniferous tubules the concentration of 
these solids is tremendously increased and a saving of water is effected which is 
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essential to the maintenance of normal body functions. By \irtue of this ability 
to excrete solids in high concentration, the normal kidney can eliminate the re- 
quired amount, within wide limits, regardless of the amount of water available 
for their solution. Increasing impairment of kidney function is reflected in and, 
indeed, consists in a progressive decrease in concentrating ability. Concentration 
tests of kidney function are designed to reveal the maximum urinary concentration 
that can be obtained under standardized conditions, usually consisting cif a normal 
solid and a limited fluid intake. 

The procedure advocated by Fishberg is most satisfactory because of its sim- 
plicity. The methods of Volhard and Fahr and of Lashmet and Newburgh arc 
also extensively employed. 

Method of Fishberg. — 1. High protein, low fluid (200 c.c.) supper the evening 
before (6 to 7 P.M.) 

2. Allow no fluids after this until the test is completed. 

3. Discard all urine passed during the night. 

4. On awakening, empty the bladder and save ns specimen No. 1. 

5. Stay in bed and empty bladder one hour later. Label specimen No. 2. 

6. The patient may now get out of bed and void again in one hour. This is 
labeled specimen No. 3. 

7. The specific gravity of each specimen is determined. 

8. Normally the specific gravity of at least one sample should be 1.022 or 
higher. 

Method of Volhard and Fahr. — 1. Allow no fluids from the evening before 
the test until the test is finished, and no food between meals. 

2. 8 a.m., breakfast: Dry cereal with sugar, syrup, or honey; no milk; one egg, 
toast or bread with butter. 

3. 12 noon, dinner: Roast beef, steak, or chops; potatoes, boiled, baked or 
riced; bread and butter; jam. 

4. 5 P.M., supper: Two eggs; bread and butter; jam. 

5. 8 A.M. of same day: Empty bladder. Collect urine in separate containers every 
three hours thereafter until night, that is, at 11 A.M., 2 p.m., 5 P.M., 8 P.M.; and 
collect all urine from 8 P.M. to 8 a,m. next morning in one container. 

6. Note the quantity and specific gravity of each three-hour sample and of the 

twelve-hour sample and plot as a curve. ' 

7. Normally the specific gravity of at least one specimen should be 1.025 or 
higher. 

Method of Lashmet and Newburgh. — 1. At 10 p.m. of the night preceding the 
test withhold all food and fluid, except the special diet, for the succeeding 33 
hours. This diet consists of: protein, 40 gnu; fat, 104 gm.; carbohydrate, 204 gm-i 
1900 calories; 9.1 gm. of inorganic solids and an excess of base equivalent to 
18 c.c. of normal solution. One gram of NaCI is added to the daily diet and no 
fluid as such is allowed. 

2. At 8 a.m, of the test day, during which only the above diet is administered, 
empty bladder and discard urine. 
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3. Collect all urine from 8 a.m. to 8 p.m. as specimen 1. 

4. At 10 A.M. following day collect urine as specimen 2. 

5. At 12 noon collect urine as specimen 3. 

6. Determine specific gravity of the three specimens. 

7. Normally the specific gravity of the urine should be at least 1.026. 

Significance of Concentration Tests.— 1. In all concentration tests, if the urine 

contains significant amounts of protein, correction should be made for the effect 
of the latter by subtracting the factor. 0.003 X grams protein per 100 c.c., from 
the observed specific gravity. 

2. Impairment of the ability of the kidneys to eliminate a concentrated urine 
is one of the first detectable evidences of impaired renal function. The greater the 
functional damage, as a rule, the lower the concentrating ability and the maximum 
urinary specific gravity becomes progressively lower regardless of the urinary 
volume, approaching 1.010, at whicli point the urine is approximately isotonic 
with depr eternized blood plasma. 

3. Impaired concentrating ability may be masked in diabetes mellilus due to the 
effect of the urinary sugar in increasing the specific gravity. Contrariwise, sub- 
normal values may be obtained in the presence of normally functioning kidney^ 
during periods of elimination of edema fluid and in diabetes insipidus. 

4. In the absence of glycosuria, normal findings with the concentration test may 
be regarded as evidence of normal renal function. 

5. The degree of functional impairment is not usually indicated as exactly as by 
the urea clearance test. However, in recovering cases of acute glomerulonephritis, 
persistently low maximum specific gravities may indicate residual damage for some 
time after the blood urea clearance has returned to normal. 

TEST MEAL FOR RENAL FUNCTION 

Principle. — Under standardized conditions of food and fluid intake the urinary 
specific gravity normally varies inveisely as the volume and fluctuates within a 
certain minimum range when samples are examined at frequent intervals during 
the day. The night urine is usually of lover volume and higher specific gravity 
than the da\ urine. When renal function is impaired ihe flexibility of renal 
excretion in response to the varying demands during the 24-hour period is 
diminished, the difference between day and night urine becomes less marked and 
the extent of the variation in specific gravity of individual specimens diminishing, 
the specific gravity lending to become more fixed at a relatively low level regardless 
of the volume of the specimens. 

Method of Mosenthal. — 1. Upon the day of the test, and preferably also the 
day before, place the patient upon a full diet, such as the following: breakfast of 
fruit, cereal, bread, butter and tea, coffee, cocoa or water, at 8 A.M.; dinner of soup, 
meat, vegetables, bread, butler, dessert and lea. coffee or water at noon; and 
supper of eggs, bread, butter, fiuit and tea or water at 5 p.m. Much latitude is 
allowable in choice of foods, and in many cases the ordinary diet to which the 
patient is accustomed may be used. At least a pint of fluid — tea, coffee, water, etc. • 
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must be taken at each meal; and no food or liquid of any sort may be taken 
between meals until after 8 o'clock the following morning. 

2. Instruct the patient to empty his bladder immediately before breakfast. 

Collect specimens of urine at 10 A.M., noon, 2 4 P.M., G p.at., 8 P.M., and 

finally at 8 o’clock the following morning. It is essential that the intervals be 
exact and that the bladder be completely emptied each time. Should the hour for 
meals be changed, the times of collecting the sample of urine should be changed 
accordingly. The last of the two-hour specimens must not be collected less than 
three hours after the beginning of the evening meal. 

3. Measure the night urine (8 F.M. to 8 A/M.) and take its specific gravity with 
an urinometer. 

4. Measure the two-hour specimens and take their specific gravity, first making 
sure that they are all at the Same temperature, since misleading figures may be 
obtained if some have been kept on ice and some nt room temperature. 

5. Normally the results are as follows: 

(a) The night urine will be much less than the total day urine. It is tisually 
250 to 350 c.c., nnd will seldom exceed 400 to 500 c.c.; 750 c.c. is the maximum. 
Its specifitsgravily will usually be 1.018 or abo\e. 

(6) The highest specific gravity recorded for the two-hour day specimens will 
exceed 1.018 wKile the difference between the highest and lowest will be not le-s 
than 8 or 9 points. If, for example, the most concentrated specimen has a specific 
gravity of 1.020, the most dilute will be 1.011 or less. 

Significance of the Test. — (a) Nocturnal poljuria. The volume of the night 
urine exceeds 750 c.c. This is usually one of the first and most definite evidences of 
impaired kidney function. A volume between 500 and 750 c.c. is suspicious, and 
usually indicates impairment. 

( b ) Low maximal specific gravity of day or night urine, the highest falling 
below 1.018. 

(c) Fixation of specific gravity, that is, lessened variation in the specific gravities 
of the two-hour specimens. This is a very important sign of renal functional 
impairment. In advanced cases the difference between the highest and lowest specific 
gravities may be only one or two points. As a rule, the level at which the specific 
gravity is fixed approaches 1.011 as the functional impairment increases and the 
kidneys lose their ability to concentrate. 

The same factors invalidating the concentration test invalidate the Moscnthal te*t. 
Occult edema must be carefully excluded before an abnormal result is attributed 
to renal disease. It is not os sensitive as the concentration tests and adds no 
information to that obtained by the methods previously described. 

UREA CLEARANCE TEST 

Principle. — The blood urea clearance is on expression of the number of cubic 
centimeters of blood that would contain, at the time of study, the quantity of urea 
removed from the blood by the kidneys in one minute 3 nd excreted in the urine 
during that time. This is usually expressed in terms of percentage of the average 
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normal, which varies with the body surface area and with the minute volume of 
urine. - 1 

Procedure, — 1. The patient is allowed to eat an ordinary breakfast and is given 
an additional glass of water. 

2. The bladder is immediately emptied completely, the specimen being discarded. 
The exact time is recorded at which the subject finishes voiding, which marks the" 
beginning of Period 1. 

3. At the end of approximately one hour the bladder is again completely emptied 

and the lime noted exactly. This maiks the end of Period 1. The volume of the 
entire specimen is carefully measured and it is preserved by storing in the re- 
frigerator. __ - 

4. The subject is given another glass of water and blood is removed for urea N 

determination. ' 

5. At the end of approximately two hours from the beginning of Period 1 the 
bladder is again completely emptied and the time noted exactly as marking the 
end of Period 2. The-volfime of urine is carefully measured and it is preserved in 
the refrigerator unless examined immediately. 

6. Calculate the volume of urine excreted per minute during each period,,- 

7. Determine the urea N concentration of each urine specimen and of the blood 

sample. - 

Calculation. — 1, If the minute volume of urine exceeds 2 c.c. the expression is 
that of “Maximum Clearance,” the formula being: 
tjv * 

C m — normally 64-99 c.c. I average 75 c.c.) 

B 

Since the clearance is commonly expressed as the percentage of the average normal, 

the calculation may be simplified by using the foimula, 

inn tjv «■ 1 

Percentage of average normal C m 


100 UV or 1.33 UV 


75 B B 

2. If the minute volume of urine is less than 2 c.c. the expression is that of 
“Standard Clearance,"’ the formula being: - '~~ 

„ Ux/V_ 


B 


: normally 40-68 c.c. (average 54 c.c.) 


To facilitate its expression as percentage of the average normal, as above, the 
following formula may be used: 

100 Ux/Vor 1.85 Uy/V * 

Percentage of average normal C s — - gjg g 1 

U = Urea N concentration of urine (in mg. per 100 c.c.) 

B = Urea N concentration of blood (in mg. per 100 c.c.) 

V — Urine volume per minute 


Notes. — According to Van Slyke, Page, Hiller and Kirk (/. Clin. Invest., 1935, 
14:901) , results are somewhat more consistent if, in the form ul® given above, 
one uses for “U” the urinary concentration of urea IS plus ammonia IS instead of 
only urea N. The technical procedure is then also simplified since die process 
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must be taken at each meal; and no food or liquid of any sort may be taken 
between meals until after 8 o’clock, the following morning. 

2. Instruct the patient to empty his bladder immediately before breakfast. 
Collect specimens of urine at 10 A.M., noon, 2 P.M., 4 P.M., 6 p.M., 8 P.M., and 
finally at 8 o’clock the following morning. It is essential that the intervals be 
exact and that the bladder be completely emptied each time. Should the hour for 
meals be changed, the times of collecting the sample of urine should be changed 
accordingly. The last of the two-hour specimens must not be collected less than 
three hours after the beginning of the evening meal. 

3. Measure the night urine (8 P.M. to 8 A.M.) and take its specific gravity with 
an urinometer. 

4. Measure the two-hour specimens and take their specific gravity, first making 
sure that they are all at the same temperature, since misleading figures may be 
obtained if some have been kept on ice and some at room temperature. 

5. Normally the results are as follows: 

(a) The night urine will be much less than the total day urine. It is usually 
250 to 350 c.c., and will seldom exceed 400 to 500 c.c.; 750 c.c. is the maximum. 
Its specifitsgravity will usually be 1.018 or above. 

(b) The highest specific gravity recorded for the two-hour day specimens will 
exceed 1.018 w*Kile the difference between the highest and lowest will be not Ie«s 
than 8 or 9 points. If, for example, the most concentrated specimen has a specific 
gravity of 1.020, the most dilute will be 1.011 or less. 

Significance of the Test. — (a) Nocturnal polyuria. The volume of the night 
urine exceeds 750 c.c. This is usually one of the first and most definite evidences of 
impaired kidney function. A volume between 500 and 750 c.c. is suspicious, and 
usually indicates impairment. 

(6) Low maximal specific gravity of day or night urine, the highest falling 
below 1.018. 

(c) Fixation of specific gravity, that is, lessened \ariation in the specific gravities 
of the two-hour specimens. This is a very important sign of renal functional 
impairment. In advanced cases the difference between the highest and lowest specific 
gravities may be only one or two points. As a rule, the level at which the specific 
gravity is fixed approaches 1.011 as the functional impairment increases and the 
kidneys lose their ability to concentrate. 

The same factors invalidating the concentration test imalidate the Mosenthal test. 
Occult edema must be carefully excluded before an abnormal result is attributed 
to renal disease. It is not as sensitive as the concentration tests and adds no 
information to that obtained by the methods previously described. 

UREA CLEARANCE TEST 

Principle. — The blood urea clearance is on expression of the number of cubic 
centimeters of blood that would contain, at the time of study, the quantity of urea 
remosed from the blood by the kidneys in one minute and excreted in the urine 
during that time. This is usually expressed in terms of percentage of the average 
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normal, which varies with the body surface area and with the minute volume of 
urine. 

Procedure. — 1 . The patient is allowed to eat an ordinary breakfast and is given 
an additional glass of water. 

2. The bladder is immediately emptied completely, the specimen being discarded. 
The exact Lime is recorded at which the subject finishes voiding, w'hich marks the" 
beginning of Period 1. 

3. At the end of approximately one hour the bladder is again completely emptied 
and the time noted exactly. This marks the end of Period 1. The volume of the 
entire specimen is carefully measured and it is preserved by storing in the re- 
frigerator. ^ 

4. The subject is given another glass of water and blood is removed for urea N 

determination. ' 

5. At the end of approximately two hours from the beginning of Period 1 the 
bladder is again completely emptied and the time noted exactly as marking the 
end of Period 2. The-voh5me of urine is carefully measured and it is preserved in 
the refrigerator unless examined immediately. 

0. Calculate the volume of urine excreted per minute during each periods 

7. Determine the urea N concentration of each urine specimen and of the blood 
sample. ' 

Calculation. — 1 . If the minute volume of mine exceeds 2 c.c. the expression is 

dial of “Maximum Clearance,” the formula being: 

• • 

C m normally 64-99 c.c. (average 75 c.c.) 

B 

Since the clearance is commonly expressed as the percentage of the average normal,* 
the calculation may he simplified by using the formula, 

lOOUVox 1.33UV 


Percentage of average normal C ra — — g g 

2. If the minute volume of urine is less than 2 c.c. the expression is that of 
“Standard Clearance,” the formula being: - 

n uVv_ 


B 


: normally 40-68 c.c. (overage 54 c.c.) 


To facilitate its expiession as percentage of the average normal, as above, the 
following formula may be used: v 


Percentage of average normal C„ - 


100U\/V or 1.85 Ux/V 


54 B 


B 


U = Urea N concentration of urine (in mg. per 100 c.c.) 
B = Urea N concentration of blood (in mg. per 100 c.c.) 
V — Urine volume per minute 


Notes. — According to Van Slyke, Page, Hiller and Kirk (/. Clin. Invest., 1935, 
14 :901) , results are somewhat more consistent if, in the formula; given above, 
one uses for “U” the urinary concentration of urea N plus ammonia IN instead of 
only urea N. The technical procedure is then also simplified since the process 
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must be taken at each meal; and no food or liquid of any sort may be token 
between meals until after 8 o’clock the following morning, 

2. Instruct the patient to empty his bladder immediately before breakfast. 
Collect specimens of urine at 10 A.M., noon, 2 p.m., 4 P.M., 6 p.m., 8 p.m., and 
finally at 8 o’clock the following morning. It is essential that the intervals be 
exact and that the bladder be completely emptied each time. Should the hour for 
meals be changed, the times of collecting the sample of urine should be changed 
accordingly. The last of the two-hour specimens must not be collected less than 
three hours after the beginning of the evening meal. 

3. Measure the night urine (8 P.M. to 8 a.m.) and take its specific gravity with 
an unnometer. 

4. Measure the two-hour specimens and lake their specific gravin', fir»l making 
sure that they ore all at the Same temperature, since misleading figures mo) he 
obtained if some have been kept on ice and some at room temperature. 

5. Normally the results are as follows: 

(а) The night urine will be much less than the total day urine. It is usually 
250 to 350 c.c., and will seldom exceed 400 to 500 c.c.; 750 c.c. is the maximum. 
Its specifitagravity will usually be 1.018 or above. 

(6j The highest specific gravity recorded for the two-hour day specimens will 
exceed 1.018 wKile the difference between the highest and lowest will be not lc-« 
than 8 or 9 points. If, for example, die most concentrated specimen has a specific 
gravity of 1.020, the most dilute will be 1.011 or less. 

Significance of the Test. — (a) Nocturnal poljuria. The volume of the night 
urine exceeds 750 c.c. This is usually one of the first and most definite evidences of 
impaired kidney function. A volume between 500 and 750 c.c. is suspicious, prd 
usually indicates impairment. 

(б) Low maximal specific gravity of day or night urine, the highest fallin 
below 1.018- 

(c) Fixation of specific gravity, that i«, lessened variation in the specific graiil 
of the two-hour specimens. This is a very important sign of renal functw 
impairment. In advanced cases the difference between the highest and lowest sp> 
gravities may be only one or two points. As a rule, the level at which the spe 
gravity is fixed approaches 1.011 as the functional impairment increases anil 
hidnejs lose their ability to concentrate. 

The same factors invalidating the concentration lest invalidate the Mosenthi* 
Occult edema must be carefully excluded before an abnormal result is allri 
to renal disease. It is not as sensitise as the concentration tests and ad 
information to that obtained by the methods previously described. 

UREA CLEARANCE TEST 

Principle. — The blood urea clearance is an expression of the number 
centimeters of blood that would contain, at the time of study, the quant ih 
removed from the blood by the kidne)9 in one minute and excreted in 1 
during that time. This is usually expressed in terms of ‘percentage of th 
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Sources of Error. — 1 . Inaccurate quantity of dye injected. Exactly 1 c.c. of 
dye must be injected. Since the commercial ampule contains more than 1 c.c., the 
amount should be measuied in an accurately graduated tuberculin syringe. 

2. Incomplete or retarded absorption of dye. This is possible whenever the 
intramuscular route is used. Edema, obvious or preclinical, contraindicates the 
intramuscular route. Because of the uncertainty of the intramuscular route, it 
should be employed only when intravenous injection is difficult or technically 
impossible. 

3. Incomplete evacuation of the bladder. 

4. Failuie to promote diuresis. A ui inary output of less than 40 c.c. in any 
specimen renders the test unreliable. 

5. Excessive alkalinization of the specimens. This tends to cause the color to 
fade. 

. 6. Delay in computing the results when the specimens are alkaline. The speci- 

mens should be made acid with acetic acid if delay is necessary. 

Normals. — 40-60% in first hour, 60-75'/' in two hours. Fractional: at least 25% 
in 15 minutes. 

Significance of Test. — The amount of dye excreted by the kidney depends not 
only on the functional capacity of the kidney but also upon the amount of dye 
it receives. Inasmuch as the normal liver excretes about 20% of the dye, in the 
presence of hepatic functional impairment, renal elimination may be increased and, 
in some cases, mild renal functional impairment may be masked. On the other' 
hand, heart failure decreases the amount of dye available to the kidney in a given 
time and hence causes a diminished output. Saline cathartics such as magnesium 
sulphate delay and alkalinizing substances, such as sodium bicarbonate, tend to 
increase the excretion of the type. This test should not be made when either of 
. these drugs is used. Slightly lower values are at limes found in normal pregnancy. 
Slightly higher values are obtained in the recumbent than in the upright position. 

Its chief field of usefulness is in chronic diffuse glomeruloneplnitis in which 
excretion tends to run parallel to the severity of the disease. In the absence of 
extrarenal factors, 40% indicates impaired function, 30% advanced nephiitis and 
10% terminal nephritis. The fractional method is the simplest and most sensitive 
and is the method of choice. 

ADDIS SEDIMENT COUNT 

Principles. — 1. This test is based upon the principle that the number of casts 
and cells in the urine varies with the type and extent of kidney disease. 

2. It is of the ulmost importance that the patient clearly understand the condi- 
tions under which the specimen must be secured and it is advisable that, in order 
to prevent errors, the directions be furnished in writing. 

Container. — In order that the specimen may reach the laboratory in a suitable 
condition, the urine should be passed directly into a wide-necked bottle which 
has been thoroughly cleansed, rinsed with distilled water, dried in the in- 
verted position, and finally rinsed out with a clean solution of formaldehyde, 
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allowed to drain out for a short time before the bottle is closed with a rubber 

stopper. 

In women, catheterization is essential and it is important that the bladder be 
completely emptied. 

Collection of Specimen. — 1. The patient is instructed to lake breakfast os usual, 
including coffee, tea, or milk as desired, but must abstain from all fluids thereafter 
during the day and night until the urine has been collected in the morning. In other 
respects, the diet is unaltered, except that specific instructions are given not to take 
more fruit than is customary. 

2. Tile time of collection may run from any convenient hour in the evening 
until the patient arises in the morning covering at lea s t 12 hours. 

3. The patient is asked not to void during the afternoon of the day on which 
the collection is commenced. 

4. The first voiding is discarded, ail others being passed directly into the con- 
tainer as above described, care being taken to empty the bladder as completely as 
possible. 

5. The time when the collection is begun and ended must be recorded on the 
bottle. 

6. In women, the specimen, as stated abo\e, must be collected by catheter. 

Method of Examination. — 1. Any uratic precipitate is dissolved by immersing 

the bottle in warm water; phosphatic turbidity is cleared by the addition of acetic 
acid, avoiding an excess, 

2. Measure the volume (to within rg 2 c.C.), return the specimen to the collecting 
hottle, stopper, and mix well by repeated inversion. 

3. Transfer 10 c.c. to a graduated centrifuge tube with a special narrow tip,* and 
centrifuge 5 minutes at 1800 r.p.m. 

4. Decant the supernatant urine and remove the remainder with a capillary 
pipet. 

5. Thoroughly mix the sediment by repeatedly drawing it up and blowing out in 
the capillary pipet. 

6. Place 1 drop of mixed sediment on each cell of a blood counting chamber 
and count the casts and other formed elements, using a high dry lens. 

In normal urines where casts are few, 10 such drops are counted. Where the 
concentration ol formed elements is heavy, the sediment is diluted from l to 5 c.c. 
and 2 drops are counted. 

Calculation. — Since in the usual form of blood counting chamber the ruled area 
is composed of 9 large squares each of which is 1 sq. mm. in area, and since the 
chamber is 1 mm. deep, the volume contained over the total area is 0.9 c. mm. or 
0.0009 c.c. 

If 10 areas are counted, the volume of urine represented is 0.009 c.c. 

Assuming that 90 casts were found in this volume and that the volume of urine 
(or 1 per cent sodium chloride solution) in which the sediment was mixed was 

0.9 c.c, then 90 X 0-9 onnn , , . A _ 

— — — = 9000*-= number of casts in 0.9 c.c. 

0.009 

1 Satisfactory tubes may be obtained from A. H. Thomas Co n Philadelphia, Pa. 
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But as the casts in 10 c.c. are all (piesumably) concentrated in the 0.9 c.c. 
volume, the 9000 represents the number of casts in 10 c.c. of mine. 

If the total volume of urine in 12 hours was 300 c.c., then the total number of 
casts in 12-hour urine is 9000 X 300 

To - 


: 270.000. 


The following general formula applies to the quantitative determination of all 
the formed elements: number counted times volume in c.c. in which sediment was 
mixed divided by volume in c.c. in which count was made multiplied by volume 
in c.c. per 12 hours divided by 10 equals number in 12-hour urine. 

Normal Values and Significance. — 1. Normally the casts*should be a hyaline 
and may vary from 0 to 5000: the erythrocytes from 0 to 500.000 and the 
leukocytes not over 1.000.000. Addis has given the following averages in diffuse 
glomerulonephritis per 12 hours as an example: 



Casts 

' 

Erythrocytes 

Leukocytes 

Acute 

690.000 

405,000.000 

48,000.000 

Chronic (acthe) 

1,850,000 

34,000,000 

14,000,000 

Chronic (latent) 

48,000 

16.000.000 

2,400,000 

Terminal ] 

i 

398.000 i 

26,400,000 | 

10,000,000 


i The test is one of the most valuable of available methods of study of renal 
diseases. It is not strictly a test of renal function but rather an important method 
for the diagnosis of renal disease by the quantitative study of the morphological 
characteristics of the urine. In interpreting the findings in terms of renal disease, 
the piesence of lesions of the lower urinary tract must, of course, be carefully 
excluded. This procedure is particularly valuable in following the progress of the 
renal lesion in glomerulonephritis and in differentiating this condition from 
nephrosclerosis. When employed for this purpose the possibility of other forms of 
kidney disease, such as local infectious processes, tumors, etc., must be excluded. 

Gibson’s Modification. — 1. Allow no fluids on day before test. 

2. Empty bladder before retiring, discard urine and note time. 

3. Collect all urine passed during the night and also immediately upon awaken- 
ing. Note time and measure volume. 

4. Place one per cent of the volume of mixed urine into two 15 c.c. graduated 
centrifuge tubes. Centrifuge urine as in Addis method. 

5. Remove the supernatant fluid and adjust the volume of sediment so that the' 
volume is 

0.5 c.c. if test lasted 11-12 hours 
0.4 c.c. if test lasted 9-11 hours 
0.33 c.c. if test lasted 7-9 hours 

6. Place a drop on a hemacytometer and count the average number in one 
laige square (0.1 c. mm.). 

7. Divide the number obtained by 2. This is the number of millions of elements 
excreted in 12 hours. 








CHAPTER VIII 

• METHODS FOR THE EXAMINATION OF SPUTUM 

Principles. — 1. In the great majority of instances sputum and bronchial secre- 
tions obtained by bronchoscopic drainage are Bubmilted for bacteriological 
examination, especially for tubercle bacilli. 

2. Valuable information is also to be sometimes obtained by careful matroscopi- 
cal examination, although the finding of Charcol-Lcydcn crystals, Curschmann’s 
spirals, Dittrich’s plugs, etc., is not nearly as frequent as generally believed nor 
do they possess a3 much diagnostic value ns surmised years ago before bac- 
teriological methods came into general use. 

OUTLINE Or COMPLETE EXAMINATION 
The complete examination of sputum and bronchoscopic specimens may embrace 
the following: 

1. Physical examination 

• (a) Consistency 

(6) Color 

(c) Odor 

(d) Layer formation 

(e) Reaction and specific gravity 

2. Macroscopic examination aided by a hand lens 

(a) Curschmann’s spirals 

(b) Dittrich’s plugs 

(c) Broncholilhs or lung stone9 

(d) Bronchial casts 

(e) Fibrin and coagulation 

3. Microscopic examination of unstained specimens 

(а) Elastic fibers 

(б) Curschmann’s spirals 
(c) Charcot- Ley den crystals 

{d) Pigmented or “heart-failure” cells 

(e) Myelin globules 

(/) Actinomyces hominis (ray fungus) 

(g) Molds and yeasts 

( h ) Animal parasites 

4. Microscopic examination of stained specimens 

(a) Tubercle bacilli 

(b) Pneumococci; streptococci; staphylococci; etc. 
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(c) Spirochetes and fusiform bacilli 

(d) Pus 

{ e ) Eosinophils 
(/) Erythrocytes 
(g) Epithelium 

5. Chemical examination 

(a) Albumin 

( b ) Of saliva for nitrogenous substances and especially urea 

/ 

COLLECTION 

1. For tubercle bacilli, a twenty-four-hour specimen is recommended. For 
pneumococcus typing a single specimen may suffice. Special methods of collection 
for these and other bacteriological examinations are given in Chapter XV. 

2. For tubercle and other general examinations sterile containers are unnecessary' 
but they should be clean. 

3. Morning sputum is recommended if single specimens are to be examined. 

4. As a general rule it is advisable for the patient to wash the mouth and teeth 
before collection, especially of single specimens, to avoid extraneous contamination 
as far as possible. 

5. A preservative like phenol or tricresol may be used for specimens to be 
examined for tubercle bacilli. Otherwise they should be avoided. 

6. Patients should be instructed to distinguish between saliva and sputum. As 
far as possible the fotmer and postnasal secretions should be avoided and deep 
bronchial secretions collected. 

7. The container should be a small, wide-mouthed bottle or vial fitted with a 
light stopper to prevent outside contamination and spilling, and to permit steriliza- 
tion. Well-constructed paper sputum cups aie acceptable. Paper napkins are 
unsuitable except for pneumococcus typing. 

\ 

PHYSICAL EXAMINATION 

X. If collected in a graduated glass, record the amount and whether or not layers 
are formed. Some sputa show a striking tendency' to form three layers, especially 
in bronchiectasis, gangrene, and abscess of the lung. 

2. Record the appearance as: 

(а) Mucoid (glairy, transparent and tenacious) 

(б) Purulent (pus or mucus and pus) 

(c) Serous (colorless or yellow; frothy) 

(d) Bloody (streaked; rusty; '‘prune-juice”: pure blood) 

(e) Combinations of above 

(/) Color (yellow; gray: greenish; rusty or brown; blackish; leddish or 
combinations) 

(g) Odor (putrid; sweetish ; cheesy, or none) 

(h) Layers if kept in a tall glass for some hours 
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(i) Coagulation in case of bronchoscopic drainage specimens (complete; 
partial) 

(/) Reaction (of little importance) 

[k) Specific gravity (only upon special request) 

Mucoid sputa: usually 1.001 to 1.008 
Purulent sputa: usually 1.015 to 1.06 
Serous sputa: usually 1.037 and higher 


MACROSCOPIC EXAMINATION 


1. Pour a portion of the sputum into a Petri dish or between two large panes 
of glass (former less messy and preferred) to give a thin layer. 

2. Carefully examine against a black background with the aid of a band lens. 

3. Pick out portions for microscopic examination. 

4. Examine for: 



Fic. 119.— CcRscnMANN’s Spiral, Siiowinc 
Central Thread (Wood) 


2. Examine with low and high lens 
examination of urine sediment. 

3. Examine for: 


(a) Curschmann’s spirals, which 
arc yellowish-white masses 
having a twisted appearance 
surrounded by mucus (Fig. 
119) 

(f>) Bronchial casts (Fig. 120) 

(c) Dittrich’s plugs, which are 
)cIlowish-white bodies vary- 
ing in size from a millet seed 
to a bean and having a very 
putrid odor 

(d) Lung stones or broncholiths 

MICROSCOPIC EXAMINATION OF 
UNSTAINED SPUTUM 

1. Carefully select suspicious particles 
and place on slides; cover with glasses, 
with the light well cut down as in the 


(а) Elastic fibers (Fig. 121) 

(б) Pigmented cells (“heart-failure cells”) : large epithelial cells contain- 
ing hemosiderin, a brownish pigment. To demonstrate more clearly 
apply a drop of a 10 per cent solution of potassium ferrocyanide for 
a few minutes, followed by a drop of a normal solution of hydro- 
chloric acid. Iron-containing pigment becomes a blue color (Prussian 
blue reaction) 

(c) Curschmann’s spirals 

(d) Charcot-Leyden crystals (Fig. 122) 
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(e) Myelin globules, which possess little or no significance except that 
they may be confused with blastomyces (Fig. 123) 

(/) Actinomyces hominis or “sulphur granules*’ (Fig. 124) 



Fig. 120. — BnoNcrriAL Cast (Wood) 


(g) Molds and yeasts as Aspergillus jumigalus, Oidium albicans, the 
fungus Mycodenna, etc. 

MICROSCOPIC EXAMINATION OP STAINED SPUTUM 

1. For tubercle bacilli, pneumococci, spirochetes, etc., see Chapters XVIII and 
XIX. 

2. For eosinophils, pus, blood, etc., prepare thin smears on slides and stain with 
Wright’s stain as described in Chapter IV for the staining of blood smeais. 

3. Examine for: 

(a) Eosinophils 

(b) Polymorphonuclear leukocytes (pus cells) 

(c) Erythrocytes 

(d) Kinds of epithelial cells 
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4. Paragohim us wcstermanii, called the “lung Alike?’- 
man. in Japan, China and Korea. It . inhabits ; llid lung, causing .the ( fdmalion : ;H.: ; :'U'U 
small cavities. Moderate hemoptysis- is the principal symptbrh. Ova^re’^eauKlT'^-^j 
found in -lhe sputum (Fig. 125); the, '■ \\--p. ■ Cv'-T 

■ flukes Themselves are seldom seen, ex- ^ 


cept postmortem. They somewhat resem- 
ble a coffee bean in size and shape. They 
are faintly reddish-brown in color, egg- 
shaped, with the ventral surface flat- 
tened, :and measure 8 to 10 by 4 to 6 
‘.millimeters... The ova are lliin-shellcd, 
operculated, brownish yellow, and 
.measure from 87 to 100 by 62 to 66 
micra. . 

There, are two intermediate hosts, a 
. mollusk . in which the cercariae are 
, formed, and a fresh-water crab (a com- 
mon article of food in Japan) in which 
; they, encyst: . The encysted forms have Fic. 125 
. also been found in fresh-water snails. 



According to Ward, three distinct 


species have been confused under the 
name Paragonimus wcstermanii: the 

original , form, Paragonimus wester- ^ < .> .. . ■ 

manii, found in the tiger; the American lung fluke, Paragonimus kellicoUi; jliife';,'/ 
•V.~ <■ .' 'i i * a — - lirtff* nnH the Asiatic luns fluke -of man Parairnnil: .-. 


—Sputum of -Ma^ Coxta ixmc 
of the Luxe Fluke; ' At»diiT‘(X']33 ; ' (ahfcr 'd ' 
Manson) \ ;.V'; .?/, .'V 

(Reproduced from Bulletin Np. 
enic Laboratory of the U.S.PJJ. and Marine-" 
Hospital Service.) < - VAx y. . 


:i ■ 

hi 


.'•far found only. in cat, dog and hog; and the Asiatic lung fluke of map} ptragorii^ry 

i 9< d . yc- 3 : v 


mus.ringeri { Fig. 126). 

•CHEMICAL EXAMINATION ' 

’Test for Albumin. — 3. Use fresh sputum, as ;decomjidsedJ;f,? 

specimens are unsatisfactory. - - - ' - ' - ‘ - ' ' ’■ - “ 



2 To 10 c.c. add 20 c.c. of a 3 per. cent solution of, acetic-?:;' f 

acid in water. . - ' ‘ -• 

3. Shake vigorously and filter through paper. i v . r 

4 Test the filtrate by the Esbach method for the quantitative 
determination of albumin in urine’ as described in Chapter VI. ;A:. 
• Fic ' 126 - Ovum 5. In tuberculosis and pneumonia the albumin varies .from 
- • of Paracoximus o i m 0.3 per cent or 1 to 3 grams per liter. In chronic bronchi:' 

: ;RnwvwXm *. , lisa rid asthma only traces are found. . v ■ .O ^ 

(Aher Emerson.) f or 0ccult Bloo d.— The benzidine - or other .methods ^ 

V.- described in Chapter XII for occult blood in feces t»ay be emidoyed. ... ; 

,;r Test of Merely-Combining **£*£%£, ^ 

, :-and EspeoiaUy Urea W disli llcd IL ;> . 

5 per cent solution of chemically pure .. t r. . 


... v 
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Collection oj Saliva . — The mouth is well rinsed with water. Chewing of a 
small piece of paraffin or holding a small marble in the mouth will favor the 
flow of saliva, but this is not necessary. The saliva is collected in two portions 
of about 8 c.c. each. The first of these carries off food particles and epithelial 
debris and is discarded. The second is used for the titration. It need not be filtered. 

Method. — -1. By means of a pipet transfer 5 c.c. of the saliva to a small flask 
or beaker. 

2, Add 5 per cent solution of mercuric chloride from a buret or pipet a few 
drops at a time, with constant stirring, until a drop of the fluid, when added to a 
drop of saturated solution of sodium carbonate on a white porcelain plate, gives 
a definite reddish-brown color. The color should appear within about three 
seconds. If it develops more slowly, the end-point is near, but not )ct reached, 
and a few additional drops ol the bichloride must be added. 

3. When the end-point is reached note the number of c.c. of mercuric chloride 
solution which have been added, And multiply by 20 to find the number of c.c. 
which would be required for 100 c.c. of saliva. Record this as the “mcrcury- 
combining index.” 

Hench has found the mercury-combining index in normal persons lo lie between 
30 and 50 for 100 c.c. of saliva. When there is retention of urea in the blood the 
index rises with the blood urea, although it lags a little behind. The probable 
blood urea may be roughly calculated as follows: 

1.43 X salivary index — 31= probable blood urea in milligrams 
for each 100 c.c. 

Example: Suppose the salivary index were 100. Then 1.43 X 100 — 34 == 109 
milligrams urea in 100 c.c. of blood. 



CHAPTER IX 

■ METHODS FOR THE COLLECTION AND EXAMINATION 
' OF STOMACH CONTENTS '.. * 

- . INTRODUCTION OF THE STOMACH TUBE ' ... U -A.. .V „ 

1. The Rehfuss or other standard small gastro-duodenal lube may be, used. Lyon 
tube is recommended. . ' ■ - . A\f: .-.v 

’’ '2. If the patient is neurotic or has marked pharyngeal hyperesthesia, swab the 
fauces with a 2 per cent solution of cocaine hydrochloride. , ' -A r-%: ■ 

3. The patient should be seated with the head tilted slightly forward and .the 

clothing protected with towels or an apron. 'V >V yy 

4. Place the lip of the tube on the tongue held well out, and pass it .back to. the' 

throat. Then the patient is encouraged to swallow quickly upon removal, , of . 
the fingers, while the tube is slowly fed into the mouth. The patient should keep :the ‘ 
lips closed and breathe deeply. , 1 • ■ .y . . V; : V ■ . . 

/After slight discomfort in tlie pharynx and passage of the tube to the level of’ 
the cricoid cartilage, practically no discomfort is felt. If the patient has diffi- 
culty, he may be given a measured portion of the water of the test meal to 
swallow along , with the tube, as this carries the latter to the .stomach, with a. 
.minimum of discomfort. The amount so given is,, of course, considered in the ; 
final calculation. ■ - l, .. ",- 

.'.•It is sometimes advantageous to push, the tube. over, to the side of the mouth,., 
back of the teeth and passing behind the last molar tooth, just as soon as, the, tip. , 
has passed into the esophagus. -The patient should keep the mouth closed. : This ; 
causes less reflex gagging and less chance .of contaminating the stomach contents; 
with mucus from the nose and pharynx. 

■ METHODS OF, EXAMINATION - - . X ' 

1. Either of two methods may be emplo) r ed: (fl) The older consists in giving 

an Ewald breakfast and removing the stomach contents one hour later, (b) By 
the newer fractional method of Rehfuss. the, lube, is introduced into the fasting 
stomach, the residuum removed, a meal given with the tube in situ- and fractions . , 
removed every, fifteen ininutes for one or two hours or longer. , . w ■ 

2. If the older method is employed, the Topfer melhod of chemical analysis 
may be used,*, if the fractional method is used; each portion is examined for free 
and total acidity, protein and any oilier tests decided upon. , . 

3. The newer fractional method is.recommended.because.it permits of a study 
of the gastric residuum, gives much more .accurate , information of '.the , chemical 
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and enzymic activities of the stomach and permits of an estimation of gastric 
emptying. Both methods require fasting for 12 hours. 

GASTRIC ANALYSIS BY THE FRACTIONAL METHOD 

Procedure. — 1. Removal of the residuum, feeding the test meal and removing 
samples every fifteen minutes for two hours. 

2. Macroscopic examination of samples. 

3. Determination of total acidity of each sample. 

4. Determination of free hydrochloric acid of each sample. 

5. Testing for lactic acid, especially when there is no free hydrochloric acid. 

6. Testing for enzymes, especially when there is no free hydrochloric acid. 

7. Testing for occult blood. 

8. Microscopical examination of the residuum and of those samples contain* 
ing bile. 


REMOVING TRACTIONS OF STOMACH CONTENTS 

Principles. — If properly carried out this constitutes one of the most valuable 
gaStro-enterological examinations. Improperly and indifferently performed, it is 
of little value. The following classification represents a summary of the informa- 
tion which may he obtained by this method. 

1. Measure of gastric work: 

(a) Secretory function: acid and enzyme determination. 

( b ) Motor function: examination of fasting residuum for food and de- 
termination of the emptying time of the Ewald meal. 

2. Indication of intragastric disease: 

Addition to the gastric secretion of abnormal elements such as: blood 
(microscopic or occult), pus, mucus (of stomach origin), exfoliated epi- 
thelium, bacterial colonies, ti«sue fragments and foreign bodies. 

3. Indications of extragaslric disease: 

(a) Extragaslric type of acidity curve (indirect evidence). 

(fc) Products of extragaslric disease (direct evidence) : 

(1) Swallowed pus, blood or mucus as indicative of lesion higher up. 

(2) The presence of bile in the stomach residuum or constant 
regurgitation of bile during the analysis is suggestive of abnor- 
mal motor activity of the pylorus and duodenum. Pathological 
products in this bile residuum as blood, pus, mucus, exfoliated 
gall tract epithelium, cholesterin crystals, and numerous bile- 
stained organisms may be due to disease beyond the pylorus. 

Procedure. — I. Patient may be instructed to take a meal twelve hours 
preceding the examination. A dish of rice and raisins, a meat sandwich and 30 
raisins or a meal to include 4 stewed prunes will be satisfactory as the plan is to 
ingest some heavy cellulose which will be readily recognized in the gastric resid- 
uum the following morning. 



COLLECTION, EXAMINATION OF STOMACH CONTENTS 201 

2. The teeth should not be brushed on the morning of the examination to ex- 
clude any possibility of swallowing blood. 

3. A gastroduodenal tube is passed to a point 56 cm. from the lips as described 
above. Note should be made of the amount of gagging and retching which ac- 
companies the passage of the lube. The reason for this observation is twofold. 
When there is considerable gagging and retching, bile is frequently regurgitated 
into the stomach. Recently regurgitated bile will be of lemon yellow tint. Bile, 
after being in the stomach, becomes of a greenish turbid hue due to the action of 
the hydrochloric acid. Consequently the finding of some lemon yellow bile in the 
stomach is usually due to regurgitation during the passage of the tube and is of 
no significance. 

4. Extract all of the residuum with as little traumatism as possible. Measure 
the quantity and save for examination. 

5. Give the Ewald test meal with the tube in situ, i.e., 35 grams of bi ead with- 
out the crust or a shredded wheat biscuit and 350 c.c. of water. Instruct the patient 
to thoroughly masticate the bread or shredded wheat before swallowing. 

6. Any saliva which forms in the mouth after the meal is finished is to be 
expectorated into a basin and must not be swallowed. The irritation of the tube 
in some patients will cause an almost constant How of saliva. If it is swallowed 
it will greatly reduce the stomach acidity. The amount of saliva expectorated in 
the two-hour period is measured and recorded. Normally from 25 to 50 c.c. or 
less will he expectorated. If 200 c.c. or more are obtained, hypeiptyalism is present, 
which may constitute evidence of vagotonia. The saliva may be examined micro- 
scopically and chemically for enzyme content to eliminate any disease of the sal- 
ivary glands if there are pointings in that direction. 

7. An extraction should be made every 15 minutes or the test may be simplified 
by making extractions every 30 minutes. An amount approximating 10 c.c. should 
be withdrawn with each extraction in order that a sufficient quantity of juice will 
be available for any special examinations which may be desired. In making the 
extractions, as little traction on the syringe as possible is desirable. If consider- 
able suction is made on the syringe when the tube is collapsed, the mucosa will 
be traumatized and occult or gross blood will be the result. If such traumatism 
has been caused it is well to note the fact so that the occult blood reactions may 
be properly interpreted. It will be remembered that one of the important points 
to be learned from the fractional examination is the motor power of the stomach. 
With this in mind there are two methods of terminating the examination: 

The method recommended is to withdraw specimens every 15 minutes for a 
period of 2 hours from the lime of ingestion of the meal. Then at the end of two 
hours the stomach is emptied by the syringe and the amount of chyme left in 
the stomach is measuted and recorded. A food residue of ranch over 5 c.c. at the 
end of the two-hour period is indicative of delay in emptying. The amount of 
the residue will indicate the degree of hypomotility. After the stomach has been 
emptied with the syringe, a lavage of 250 c.c. of. water should be made. Allow 
that amount of water to run in and out. This will give positive information as to 
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the emptiness of the stomach and will act as a check on the emptying of the 
stomach with the syringe. 

The other method consists in withdrawing 15-minute extractions until the stomach 
is completely empty to get the measure of motility of the stomach. This procedure 
takes considerably longer in the hypomolile cases and is not necessary if one 
gages the amount of food remaining in the stomach at the end of 2 hours and 
learns to compute the degree of motor impairment. The first procedure also has 
the advantage that it requires less time and is less tiring to the patient. 

8. The following data should be recorded concerning each sample which is 
extracted: 

(a) A record is made of the amount of secretion which is withdrawn at each 
extraction. It is well not to remove more than 10 c.c. each time in order to allow 
the hulk of the food to be acted upon by the stomach. At the end of two hours 
the stomach is emptied. In order to be sure that the stomach is empty the patient 
should be told to assume various positions, aspiration being done in each position, 
i.e., on the back, abdomen, right side and left side. The amount withdrawn at this 
last extraction is also recorded. The sum of the amounts withdrawn throughout 
the examination subtracted from the amount of liquid given with the meal will 
represent roughly the amount of fluid which has passed through the pylorus in 
two hours. Thi9, of course, docs not allow for the amount of juice secreted. 

(i) A rough estimation of the amount of food withdrawn with each extrac- 
tion should be made. This will give some idea of the motility of the stomach. If 
after an hour or an hour and one half no food is obtained with the extraction, 
rapid emptying must be suspected, providing the tube is in the right position. If 
a residue at the end of two hours shows more than 10 c.c. of food at the bottom of 
the gloss, the stomach emptying power is delayed. In the presence of an abnormal 
amount of food at this time, it is often impossible to extract all of the stomach 
residue. For this reason it is well to routinely lavage the stomach with 250 c.c. 
of water after the last extraction has been made. The amount of food residue in 
the return wash is recorded. Finding more than 10 c.c. of food in the return wash 
and the last extraction combined indicates hypomotility. The more above 10 c.c. 
the greater the degree of delayed emptying or obstruction. This is one of the mod 
important steps in fractional gastric analysis. Too often in routine hospital and 
office nwl- the examiner is satisfied nilh a report of the acidity alone, which con - 
stitutes only a minor part of the information which may be obtained if this test is 
carried out properly. This method of testing the emptying time of the stomach is 
just as accurate as the six-hour barium x-ray meal and can be carried out often 
when an x-ray examination is not feasible. It checks with the x-ray method in the 
severe cases of obstruction and is a more refined and accurate method where the 
delay is slight. 

(c) A record is made of the color of each extraction. Bile, regurgitating into 
the stomach, gives the stomach juices a yellow or greenish tint. The amount of bile 
should be recorded. It should be gaged by the intensity of the color, and recorded 
as plus 1, 2, 3 and 4. Bile may be found in the normal stomach. 
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Gross blood in the stomach often gives the contents a diffuse brown tint. A 
sufficient amount of blood to cause its macroscopic appearance in the stomach 
juice means seiious disease of or about the stomach, unless it has been swallowed. 
Bright led blood may be due to trauma fiom the lube tip. This occuis more readily 
in the presence of disease of the gastiic mucosa. 

MACROSCOPIC EXAMINATION 

1. The amount of juice in the fasting stomach should not exceed 50 c.c.'It 

nmmally varies from 15 to 40 c.c. An increase above 50 c.c. means either hyper- 
secietion, hypomotility or obstruction. There should be no food in the eight-hour 
fasting stomach. It should be remembered that a very nervous patient may swallow 
very large amounts of saliva during the passage of the tube and greatly increase 
the amount of the lesiduum in that manner. However, it is not difficult to differ- 
entiate moulh mucus from stomach juice. , 

2. Bile in the fasting residuum, if found repeatedly and in large quantities, is 
indicative of some disease if the patient is “tube broken.” The commoner con- 
ditions to be thought of in this connection are hyperchlorhydria, bile tract disease, 
duodenal ulcer, duodenitis and rigid pylorus from stenosis or adhesions. This 
should not be confused with the recently regurgitated bile due to retching in the 
taking of the tube. Such recently regurgitated bile is lemon yellow in color and 
forms a yellow foam when shaken. On the other hand, bile which has resided in 
the stomach for a considerable period is distinctly green and turbid. Some ob- 

- seners claim that bile is normally found in the gastiic residuum. Large quantities 
of turbid green bile in a retentive stomach aie often due to small bowel obstruction 
below the ampulla of Vater. 

3. Mucus, if of stomach origin and present in considerable quantity, is indicative 
of catarrhal inflammation of the stomach. It is important, in this connection, to 
be able to differentiate stomach mucus from swallowed mucus. If it originates in 
the stomach it is flaky with particles suspended in the gastric juice. On the other 
hand, swallowed mucus is generally in large stringy masses and floats on the top 
of the gastric juice. 

4. Pus, present in sufficient quantities to be recognized, is very rare. Such a 
finding would point toward acute or chionic diffuse suppuration of the stomach, 
abscess of the stomach or rupture of an abscess into the stomach (subphrenic, 
retroperitoneal, pancreatic, biliary, hepatic or splenic in origin). 

5. Odor of the gastric residuum is not usually of much importance. In cancer 
and severe catanhal gastritis, a pungent disagreeable odor may be noted. 
Colon bacillus infection of the stomach, of course, has a characteristic odor but 
it is very rare. The odor of feces is usually due to bowel obstruction or to gastro- 
colic fistula. A very unpleasant more or less characteristic sour odor is present 
in fermentation of the stomach contents. 

6. Blood, if grossly recognized in the fasting residuum, is of the utmost im- 
portance. More than 50 per cent of all cases of cancer of the stomach will show 
small quantities of blood ill the stomach. As a rule it is changed by the stomach 
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juices and somewhat resembles coffee grounds. The average cancer does not bleed 
profusely but it bleeds constantly, hence there is considerable changed blood in 
the stomach at any given time. Gross blood is not as common in ulcer of the 
stomach. Occasionally, however, it will he present in very largo quantities and is 
often bright red in color. Esophageal varices, sclerosed stomach vessels, erosions 
and severe infections also give rise to free blood in the stomach hut more rarely. 
Duodenitis, duodenal ulcer, pancreatic or biliary tract carcinoma may cause the 
appearance of free blood in the stomach. Injury to the mouth or esophageal 
mucosa in swallowing the tube and blood from the lungs and nose should he borne 
in mind. ' 

7. Food in the fasting stomach may be indicative of atony, dilatation, or ptosis 
of the stomach or, what is more likely, pyloric stenosis, pyloric or duodenal 
adhesions, pylorospasm, mass at or near the pylorus or pressure from without. 
The amount of food present and the constancy of its presence will help to decide 
whether one of the more serious causes is the most likely. 

DETERMINATION OF FREE HYDRO OHEORIC AND TOTAL ACIDITY 

Procedure for Free Hydrochloric Acid. — I. Place 5 c.c. of strained or filtered 
gastric juice in a porcelain dish. When the above amount is not available use 
1 c.c. to which 4 c.c. of distilled water may he added. 

2. Add 2 drops of a 0.5 per cent solution of dimethyl-aminoazobenzene in 95 
percent alcohol (Topfer’s indicator). If free acid is present a red or orange color 
develops (see C in plate V). 

3. Titrate with N/10 or N/20 sodium hydroxide until the red or orange color 
disappears (if 1 c jz. of gastric juice is used it is advisable to use N/20 sodium 
hydroxide) and a yellow color develops (see C' in plate V). 

4. Note the amount of sodium hydroxide used and calculate the number of 
c.c. of N/10 sodium hydroxide required for the neutralization of 100 c.c. of gastric 
juice. The result is always expressed as the number of c.c. of N/10 sodium 
hydroxide required to neutralize 100 c.c. of gastric juice. If 5 c.c. of gastric juice is 
titrated with N/10 sodium hydroxide, then multiply the amount used by 20. If 
1 c.c. of gastric juice is titrated with N/20 sodium hydroxide, then multiply the 
amount used by 50. 

5. The total aridity of tins same specimen can he ArtemnneA by continuing the 
titration after the addition of plienophthalein as an indicator following the pro- 
cedure given below for determining total acidity, beginning with step 2. 

Procedure for Total Acidity. — 1. Place 5 c.c. of strained or filtered gastric 
juice in a porcelain dish. When the above amount is not available use 1 c.c. to 
which 4 c.c. of distilled water may be added. 

2. Add 2 drops of a 1 per cent solution of phenolphthalein in 95 per cent 
alcohol. In the presence of acid there is no change in color (see A plate V). 

3. Titrate with N/10 or N/20 sodium hydroxide until a bright red color is 

obtained which persists (see A 1 in plate V). . 



PLATE V 



* 

A, gastric fluid to which a 1 per cent solution of phenolphthalein has been added; B. 
gastric fluid to which a 1 per cent solution of alizarin has been added; C, gastric fluid to 
which a 0.5 per cent solution of dimelhylamino-azobenzol has been added; A', A after titration 
with a decinormal solution of sodium hydroxide; B', B after titration with a decinormal solu- 
tion of sodium hydroxide; C', C after titration with a decinormal solution of sodium hydroxide 
(Boston). (From Todd and Sanford’s Clinical Diagnosis by Laboratory Methods , W. B. 
Saunders Co.) 


■ O’* * ‘ r- tifrxr Vr* -rtvr a>tpt/^at ' X ' 1 





:v U^artoufit ’;used ’^by 420.-; If i..".c.<): ; of gastric juice is J titrated ')v5tli .N/20.:^s6diurii •; 
^h^d^oxide, !tKen s the ‘amount used by SO: \ /• j-f ; ,. ;f’i 1 ”, : ?, ; '-,•>) i 

■^WM^v^U^M^'^^d^H'Are^holk determined .with- jit# sain e specimen {one ■-■ 
the ’other); then, the. amount of N/-10 sodtimdifdft&i/fdyn^'Jp.r.; 
ytioi!i<i}fp$dur'es\are , iwmfrine$ and ‘used for calculating the total dfM 
(f vnoiritial j^Erige for total acidity, is.'' 'from 40 to 60.. ' • \.r '-’V '/£* 

i;v DBTEESnNATION OF COMBINED HYDROCHLORIC ACID AND ACID SALTS - 

?::;‘;f,^fpce&re.^l; ; 'PIace'5,c.cl of-gastrlc juice in a porcelain :dish,. v ‘ '/A- v 
o' 4 y2: 5 ,*Add -S drops of a. 1 per cent solution of sodium 'alizarin .sul phonaiein; water .. 

^iS&Sjn. P&V) t ^ ‘ * V ‘ •’ f ' 1 11 ’ ^-,.v 


salts,-. 


^;\;; :j 3.';Pitrate;^itlf t 'N/ip sodium, hydroxide . until a distinct violet polar, ■is.jpb’taihed n 
(jsee; Bf'djV Plate V3. It is .difficult, without practice, to determine; ■\vhen' tlie ‘righf V 1 
.color has been-reached. A reddish-violet -first appears (Plate yf B') .-.The ’tendency;’ 



i'!:fiv : 4iCTak§ the buret reading and multiply by '20 to determine the free acidity "of 4 

giobc.c.;-" 3 ;^/'^ : ‘ -v.V 

iY*?;? ’ Hf* V‘*T* 'jr\ . • -i», -Ari* If ‘ J* L'' 1" t ' 'd.' T 'L * .1*. ' V *' 5 



4V acid).:- : A :4v • . - •. ... -V , 

4444!Sy.btr'aet-/tlie .free' hydrochloric., acid - (sec. page. , 204) f from" , the ’free; Acidity')' 
.‘’-f-.-'flali^idnrindicatdt) to' obtain the acid salts ’and 1 Organic ^acidsb"'’ , ' .’••'* ’ < ’ 

^ritrnxnih* riv>. totat, AOTnfnrsr , Atnj:yltBTi'’iqnraTtOfiW';6TlTC ; A 



(f:J.’445.''tb:;5$f total' acidity, ,55 to: 65. Tins is the most' "frequent .type of curve-found 
4, in 'normal . Individ tials, but . th'e‘re,'is' Oftert a l riride dCTiatiori ; frbm/this normal';.' 
,b ! ; .coVitpiir in; otherwise normal. people.-.; 4',;-, ■; . ■ < : 

ilyperchlorby dria Curve;— The cbntour;,of this curye' conforms tpj'the'nbf* 

" .'if 4 A P?/ « Am ./A* ^ 4- l-v • / 1 \ ■# * Ilrt 1» 1% « f'y'Pi ’ . 1 1 T 1 /~v ■ 4 A —-t - 1 4*. jv “rl i /l , 1 ^ » Vin 11 . b ,*» . J 



j. 44 :!• f’3j: ( Stepladder Our ye,^Descrihed4byv Lybn • and : Best Aiid ; v supposed: ‘tp ; be ; of . j.: 
>r\ ■•/serious diabhostic ihirmri, : Accordinh /to these observefs' it .is bnlv • seen ln cabes V' 
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of active ulcer and usually precedes or follows a hemorrhage. The smooth ascent 
of the curve is broken by drops in both free and total acid, unassociatcd with 
biliary regurgitation, followed by a rise to a still higher level than that preceding 
the drop. The actual acid values are usually much above normal In this type of 
curve. 

4. Extragastric Curve. — -The acid values, instead of starling to recede after 
sixty or ninety minutes, continue to rise, the last extraction having the highest 
acid values. This type of curve is commonly 6cen in duodenal ulcer. 

5. Delayed Digestion Curve. — Also sometimes called psychical achylia. The 
acid values remains very low until 45 or 60 minutes after the meal, when the 
acid rises and goes through a normal curve. The delayed secretion is probably 
due to the absence of the cephalic phase of gastric secretion. This type of curve 
is often seen in patients who have great difficulty in swallowing and retaining 
the tube because of gagging. 

6. Hypochlorhydria Curve. — Hypochlorhydria may be benign or due to 
carcinoma of the stomach. There may be no free hydrochloric acid or but small 
amounts, being under 40 throughout the two hours. The total acidity is low, being 
under 40, or reaching about 40 toward the end of the first hour. 

HISTAMINE TEST FOE TRUE ACHYLIA 

This is conducted in cases of achylia by injecting subcutaneously 0.00025 gram 
(0.25 ex. of 1:1000 solution of histamine) after the introduction of the tube and 
the evacuation of the residuum, simultaneously with the ingestion of the meal. 
It may be injected just after the ingestion of any standard test meal. A glass of 
water is commonly used since the test is usually used after a standard fractional 
gastric analysis has suggested an achylia. 

Specimens are removed at fifteen-minute intervals as for fractional analysis, 
and titrated for total acidity and free hydrochloric acid. If the stomach is capable 
of producing hydrochloric acid, the glands are stimulated by the reaction pro- 
duced by the hi«t amine. If acid and enzymes are absent after histamine injection 
a true achylia is stated to be present. 

GASTRIC ANALYSIS BY TIIE TOPPER METHOD 

Procedure. — 1. Feed Uve Ewald test meal of two pieces (35 grams) of toast and 
8 ounces (250 c.c.) of tea. 

2. One hour later remove the entire stomach contents. 

3. Make the macroscopic examination as described on page 203 for amount, 
bile, mucus, pus, odor and gro<s blood. Tbe amount varies under normal condi- 
tions between 50 and 100 c.c. In cases of hypersecretion or defective motility, 200 
to 300 c.c. may be found. Very large amounts, as 500 to 3000 c.c., are indicative 
of dilatation and suggestive of pyloric stenosis. 

4. Make chemical analyses for (<i) lota! acidity, (/>) free acidity (free hydro- 
chloric acid and acid salts), and (c) for free hydrochloric acid with subsequent 
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Syln fiadditionl HOST' for lactic acid, occult ldodd v arid 1 |)rpteini ;;and : make(a 
(fiiicrcAbpfiic examination.,"; \ . . • „ -.>V /•- - ' '■ -fit 7y 

’ " • PETBRltorATION OF LACTIC ACID ; V‘y 

Kelling 's Test.— T his is a fairly satisfactory color ..test' depending ;updn"'theiTpr-y >’,C 
Anhui tm of ferric lactate. • : -'v. •'T 'A -7 f:( 

; Fill a iest lube with; water. • : / (*..>' y .0 . 

7.1 .2; Add -2 .drops of a 10 per cent solution of ferric chloride to -give .a fainffimYafy/ : V,y • 

Ayeilofi, Mix well. ' f W .'A 

V- ;, 3. Pour one-half into a second lube for a control. ' . y A- A v-V ( 

, 4.; .To one tube add 1 c.c. of strained stomach juice. ' \ . ' .'\fi 'bjcfiA'Afiy- 

yy ISfilf lactic acid is present a deep yellow color develops. . , . Vy •' ' 'ATA-V 

y ‘'Strauss’s Test, — This method depends upon extracting the lactic acid -with ether 1 ' 7 y 
V and. thereby removing such disturbing factors as hydrochloric 1 acid) .digestion’ V •- : , 
-products, etc.’ It also gives an approximate idea of the/ amount. g, 

A/yT. Place 5 c.c.' of strained gastric juice into a small separa- 
i*' 'Tory funnel tvilh a stopper (Fig. 127). 

;’ v (,2. Add ; 20 c.c. of .ether and shake thoroughly. . . 

.(, 'y\ : ;'3‘.- "After separation of tire ether, allow the -fluid to rUn out 
/except the ripper 5 c.c. of the former. 

V To the' ether extract, add 20 c.c. of distilled water and 2 

/- .drops of a 10 per cent solution of ferric chloride. 

’ .. i ; -S, . Shake gently. 

'7'.7/'./6V'A slightly, green color is produced in the presence of 0.05 
V-. -ilpcr cent lactic acid whereas 0.1 per' cent yields a very -intense ( 
yellowish-green, color. ■ ’ ( ‘ 

’A \ 'TTffeltnanu’s Test, — 1. Add 5 c.c. of filtered. gastric juice to. 

1 SO’ Ojc. of ether and shake thoroughly '.for ten -minutes. '..V ! y 

, '2;. Collect the ether and evaporate l o dryness: ' • Fig. ; : i?7'U^ppAHA ,' •' .( 

; , 3,‘ Dissolve the residue' in-. 5 c.c. of water ;and add to. the ‘ rORyToaitV; y/ 

reagbitt; 1 . A, y 

//■ 1 'Mix 0.2 c.c. of concentrated solution of phenol and 0.2 c.c. of .aqueous solution >J 
of; ferric chloride. Dilute with water until the mixture- assumesan amethyst-blue' / ' 

' 'color, ' ’ • . *; • " . _ri, y ^ r \- , ■/, 

Ay ‘’4. If lactic acid is present the : solution, will develops canary. yellow, color. 1 L ‘-f‘" ;■ c. 

.“5. This test may be applied To gastric ) u ice direct •.'without first ' extracting with •’ 

■ ether but this is not as reliable as the above because; of inlerferihg. substances,. 

-such as phosphates, sugars, etc: y ,/ _ ' A >v * ;A-yA.y V yA ;Vy Ay' ^ Av 


DETECTION; OF OCCULT BLOOD 
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Bensidine Test. — : 1« Place a/khife point full of bfenrifine;4n :!a test -lube (bse T; A, 
Merck’s blood-testing, benzidine). ' ; ■" • V S’J) -AA;A;-,’ "V v,;, 'A' /'L ,..,j j- X 
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2. Dissolve in 2 c.c. glacial acetic acid. Warm the solution if necessary. 

3. Add 2 c.c. of h>drogcn peroxide (3^< ). 

4. Add 1.0 c.c of the fluid to be tested. 

5. A positive reaction is indicated by the appearance of a blue or green color. 

6. This test is stated to detect blood when present in a dilution of 1:3,000,000. 
Orthotoluidine Te3t. — 1. In a test tube mix 1 c.c. of reagent with 1 c.c. of gas- 
tric juice and 1 c.c. of 3% hydrogen peroxide. 

Reacent 


Orthotoluidine 4.0 c.c. 

Glacial acetic acid q.s 100.0 c.c. 


Dissolve. Keeps for a month without loss of delicacy. 

2. In the presence of blood a bluish color develops (sometimes rather slowly) 
which persists for some time (several hours in some instances). 

Other methods ore the aloin, guaiac and Cregersen’s tests described in the chap- 
ters on examination of urine and feces. 

DETECTION OF BILE 

Principle. — -The following method is based upon the oxidation of the bilirubin 
with nitric acid to form biliverdin (green). 

Procedure. — 1. Place about 1 inch of powdered ammonium sulphate in a test 
tube and add 10 c.c. of gastric juice. 

2. Shake vigorously for a minute. 

3. Add 3 c.c. of acetone and thoroughly mix by inverting the tube six times 
(do not shake) . 



6. A green color is a positive reaction. If loo much acid is i i<rA the biliverdin 
will be oxidized to a purple or red. 

7. If the gastric juice is of a deep green color, dilute 4 or Sxlrops with 10 c.c, 
of water and proceed as above. 

DETECTION OF PEPSIN 

Principles. — Pepsinogen is normally secreted by the stomach. It has no digestive 
power until transformed into pepsin by free hydrochloric acid (to a lesser extent 
by organic acids and the protein salt of hydrochloric acid). Its presence is de- 
tected by the digestion of egg albumin. 

Qualitative Procedure.—-!. Place 25 c.c. of gastric juice in a small flask. If 
the specimen does not contain free hydrochloric acid, add a few drops of 10 per 
cent hydrochloric acid. 

2. Place in the flask with the gastric juice a disk of coagulated egg albumin. 
Stopper and place in an incubator at 37° C. 
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3. If pepsin is present, the disk will begin to swell in from one-half to one 
hour and dissolve in about tlnee hours. 

Preparation of Egg Albumin Disks. — («) Boil an egg very slowly until the 
albumin is distinctly coagulated, 

(b) Cut the albumin into small cylinders about 5 millimeters in diameter. 

(c) Section the cylinders into small disks about 1 millimeter thick. 

(d) The disks can be preserved in glycerin until needed, but should be washed 
in water before using. 

Quantitative Procedure (Method of Mett Modified by Nirenstein and 
Schiff). — 1. Introduce into a small Erlenmeyer flask 1 c.c. of gastric juice and 
15 c.c. of N/20 hydrochloric acid (0.18 per cent hydrochloric acid). 

2. Add two Mett tubes prepared as indicated below, stopper the flask to prevent 
evaporation and place in an incubator at 37° C. for twenty-four hours. 

3. By means of a low-power microscope and a millimeter scale (graduated to 
half millimeters) determine accurately the length of the column of albumin 
digested at each end of the tubes. It is well to run the determination in duplicate, 
in which case the result is the average of the eight figures obtained, 

4. Ordinarily from 2 to 4 millimeters of albumin are digested by normal human 
gastric juice. 

5. The peptic power is expressed as the square of the number of millimeters 
of albumin digested. This is based on the Schiitz-Borissow law that the amount 
of proteolytic enzyme present in a digestion mixture is proportional to the square 
of the number of millimeters of albumin digested. Therefore a gastric juice which 
digests 2 millimeters of albumin contains four times as much pepsin as one which 
digests only 1 millimeter of albumin. For example, if the microscopic reading gives 
on an average 2.2 millimeters of albumin digested, the pepsin value for the 
diluted juice would be 2.2 X 2.2 = 4.84 and for the pure undiluted juice, 
4.84 X 16 — 77.44. 

Preparation of Mett Tubes (Christiansen's Method) . — The liquid portions 
of the whites of several eggs are mixed and strained through cheesecloth. The mix- 
ture should be homogeneous and free from air bubbles. It is best to allow the 
egg white to stand for two or three hours in a vacuum desiccator to remove air 
more completely. A number of thin-walled glass tubes of 1 to 2 millimeters 
internal diameter aie thoroughly cleaned and dried and cut into lengths of about 
10 inches. These are sucked full of the egg white and kept in a horizontal position. 
Into a large evaporating dish or basin 5 to 10 liters of water are introduced and 
healed to boiling. The vessel is then removed fiom the fire and stirred with a 
thermometer until the temperatuie sinks to exactly 85° C. The tubes filled with 
egg white are immediately introduced and left in the Water until it has cooled. 
The tubes thus prepared are soft boiled, more easily digested than hard-boiled 
lubes, and free from air bubbles. The ends are sealed by dipping in melted paraffin 
or sealing wax (preferably the latter) , and the tubes can be kept thus for a long 
lime. When ready for use, mark with a file and break into pieces about 3 or 4 
inches long. After cutting, the tubes should be immediately introduced into ,the 
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digestion mixture or may be kept a short time under water. Tubes whose ends 
are not squarely broken off must be rejected. 

The digestibility of different egg whiles varies widely. Hence, in making up n 
new set of tubes, if we wish our results to be comparable these tubes must be 
standardized against those first prepared. Tills may be done by running simultane- 
ous tests with tubes from the two series, using the same gastric juice and com- 
paring the lengths of the column digested in each case. Christiansen’s method 
of preparing tubes of the same digestibility is to be preferred, lie proceeds 
as in the original preparation of the tubes except that as the water C 00 I 3 from 
90° to 80° C. a single tube containing the new egg white is dropped in at each 
degree change of temperature, that is, at 90®, 89®, etc. Pieces of each of these 
tubes as well as of the original standard tubes are then allowed to digest simul- 
taneously in portions of the same gastric juice. One of these tubes should show 
a digestibility equal to that of the standard tubes. For example, the tube coagulated 
at 88® C. may show the proper digestibility. Then the new series of tubes should 
be made in the same manner as this one; that is, introduced at 88® C. The tubes 
thus prepared should be again checked up with the standard to see that no mistake 
has been made. 


D ETERMIN ATI ON OT TRYPTIC ACTIVITY 

Principles. — Trypsin is not secreted by the 6tomach but occurs in the pancreatic 
juice. It may be found, however, in the stomach contents because of regurgitation 
of duodenal contents through the pylorus. Since it is destroyed by the pepsin- 
hydrochloric acid of the stomach, the determination must be made immediately 
after securing gastric juice, especially in cases of high acidity. 

Procedure (Spencer). — 1. Prepare five reagent tubes; more if desired. 

2. To tubes 1 and 2 add 0.5 c.c, of gastric contents (filter if cloudy). 

3. To tubes 2, 3, 4 and 5 add 0.5 c.c. of distilled water. 

4. From tube 2 remove 0.5 c.c. of its mixed contents and add to tube 3. Mix 
thoroughly and add 0.5 c.c. from tube 3 to tube 4. Repeat for tube 5. 

5. This gives dilutions of gastric contents of 1, 1:2, 1:4, 1:8, and 1 : 16. 

6. To each tube add 1 drop of pbenolphthalein solution ( phenol phthalein, 1 
gram; 95 per cent alcohol, 100 c.c.) ; then add drop by drop a 2 per cent sodium 
carbonate solution until a light pink color is produced. 

7. To tubes 1, 2, 3 and 4 add 0.5 c.c. of casein solution. Tube 5 must receive 
1 c.c. of casein solution, since it contains 1 c.c. of the diluted gastric contents. 
Tor the casein solution, dissolve 0.4 gram of casein in 40 c.c. of N/10 sodium 
hydroxide. Add 130 c.c. of distilled water, then 30 c.c. of N/10 hydrochloric acid. 
This leaves the solution alkaline to the extent of 10 c.c. of N/10 sodium hydroxide, 
minus about 3 c.c. neutralized by tlie casein. 

8. Incubate for five hours at 40® C. 

9. Precipitate the undigested casein by dropwise addition of a solution of the 
following composition: glacial acetic acid, 1 c.c.; 95 per cent alcohol, 50 c.c.; 
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distilled water, 50 c.c. The . tubes in which digestion has Been complete remain 
; -clear;: others become, turbid. • - ’ . . . 

- 10. The tryptic values are expressed in terms of dilution. Thus, complete diges- 
lion.; in, tube 3: (a dilution of 1: 4) shows four times the. tryptic power of undiluted 

■ gastric juice which Is taken as a standard as 1; therefore, its tryptic value is 4. 

. ‘ .11. Controls of boiled gastric contents plus casein solution; and of distilled 
water, plus casein solution, treated as above stated, must show no digestion, and 
.become turbid on addition of the precipitating solution. ' ' 

' DETECTION OF RENNIN - ^ y 

; Principle.— Rennin is an enzyme capable of coagulating the protein of milk. 

• '/ Fresh milk is /used, therefore, as the reagent. , . . 

Lee's Test.— 1. Place 5 or 10 c.c. of fresh milk in a test tube. 

. 2. Add 5 drops of gastric juice. • • 

; . 3. Place in the incubator for 15 to 20 minutes. 

4. If rennin is present, coagulation will occur. In this test it is sometimes 

: difficult to tell whether the rennin or the acid in the gastric juice caused the 

4 ■ coagulation ; however, rennin is practically always present where there is hydro- 

■ chloric acid in the stomach and the test is only of value in those cases in which 
. there is no. hydrochloric acid, to determine the presence or absence of a true achylia. 

/ Siegel's Test. — 1. Place 5 c.c. of fresh milk in a test tube. _ ; 

;3:' - . 2. Add 5 c.c. of gastric juice neutralized with N/100 sodium hydroxide 
(phenolphthalein as indicator) . . 

3. Place in a water bath at 40° C. 

. “ 4. If rennin is present in normal amount, coagulation will occur in ten to . 

V;; .fifteen minutes. 

5. Delayed coagulation indicates a less amount. f ’j 

■ ' ’ • . ’ MICROSCOPIC EXAMINATION , ■ : 

Procedure. — 1. Place a small drop of gastric residuum on a slide and cover ., 

; with a, cover glass. , 

2. .Examine with low and high objectives with the light reduced. 

-‘A-. 3. Mix a drop of fluid with a drop of sudan III on a slide and cover with 

cover glass. Neutral fat globules will be yellow or red. .. ; 

4. Mix a drop of fluid with a drop of Lugol’s solution on a slide arid cover , 

with cover glass. Starch granules will be blue or blue black. ' . ... ‘ . ; . 

' . 5; Make a thin film on a slide, fix with heat and stain with dilute carhol-’ 

;■ fuclisih; dry. Examine with oil-immersion , objective for Boas-Oppler bacillus 
V, j ( Lactobacillus boas-opplcri) , /staphylococci, . yeast, sarcina, arid Mother .micro- ; 

, • organisms; Note the organisms present and whether in small or large niiiriBers,. ; . 
singly, in groups or colonics (masses). >. - .... n -:V 

• 6. With the above preparations examine for the following: - ; v- ‘ •/ 

. ■ •, 1.' Red blood corpuscles found, iri small numbers cannot he considered of any 

: pathological significance. Trauma. from passing, the tube - arid aspirating the stomach 
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contents will frequently give rise to their appearance. Tlie consistent finding of 
large numbers in the absence of considerable trauma may be indicative of ulcer, 
cancer or erosion. 

2. Leukocytes are frequently found in the gastric residuum. They are usually 
partially digested by the gastric juice. They may be indicative of disease from 
the nose or throat. If so, they are usually associated with other products of in- 
flammation from that region which can easily be identified, c.g., mucus and 
exfoliating epithelium. If these cells arc deeply bile-stained and associated with 
a bilious residuum and other inflammatory elements also bile-stained (e.g., col- 
umnar epithelium, mucus, bacteria, etc.) it is very suggestive of biliary tract 



Frc. 128.— Microscopy of Stomach Contents 
a, squamous epithelial cells from esophagus and mouth; b, leukocjlesf c, cylmdric epithelial 
cells; it, muscle-fibers ; e, fat -droplets nnd fat-crystals; /, starch granules; p, chlorophyl contain 
ing vegetable matters; h, vegetable spirals; i, bacteria; k, sarcinac; l, yeast cells (Jacob). 
(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods, 'ft. B. Saunders Co.) 


disease. The presence of large quantities of pus cells with gastric exfoliative 
products, mucus and bacteria, would suggest gastritis of the infective type (Fig. 
128). 

3. Mucus in small amount is practically always found in the gastric residuum. 
A differentiation between mouth and stomach mucus can often be made by the 
macroscopic examination. Gastric mucus is usually present as small flocculations 
which under the microscope look like spherical snail-like bodies. It has a fibrillary 
appearance and has cellular bodies in its substance. If present in large quantities 
it is indicative of catarrhal gastritis. Mucus is dissolved by alkalis but not by 
acetic acid. Mucus from the biliary tract should l>e easy of identification. It 
occurs in wavy semi-spirals and is rather dense in appearance and stained a deep 
jellow or greenish yellow if it has resided in the stomach very long. The frequent 
finding of bile-stained mucus in the fasting stomach is suggestive of biliary tract 
disease. Mucus from the nose is easily recognized by its peculiar tenacity and its 
Staining with pigment or its grayish appearance. 
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Epit helium: is .practically always present in the residuum (Fig;. 128)v The 
/ usual cell found is the squamous type. It has no special significance and* is ; derived 
from the mouth, pharynx and esophagus. It is swallowed with mucus during the 
, passage of the tube. Cellular elements from the stomach mucosa are of the columnar - . • : ' 
Variety.. They are rarely, seeti in the normal residuum. Cells are quickly, digested 
Tin the stomach and unless they. are present in considerable numbers they -will hot 
.. be/ found; In gastritis cellular elements from the gastric tubules are often ' 

‘•.• found., The. acid or parietal cells are probably the more easily recognized of The . 
tubule cells. They are about midway in size between a. leukocyte and- a’ squamous j 
. cell. With eosin and hematoxylin stain the acid cells are stained red and the 
central or peptic cells blue. The peptic cells take the stain very poorly and are 
very difficult to recognize, there Being nothing but the nuclei remaining. . They are 
"• much smaller than the acid cells, being a little larger than a leukocyte. They . 

. have a long oval nucleus often with just a shred 
• /of protoplasm attached. The acid cells, on the 
mother ‘hand, have, a very distinct nucleus and the 
entire protoplasm stains with a fine stippling of 
the granules.. In chronic catarrhal gastritis exfoli- 
; ating elements from the gastric mucosa may be 
; found, even without a severe grade of atrophy be- 
ing present. The association of these cellular ele- 
j- merits' from the gastric mucosa with colonies or 
groups, of pathogenic organisms is indicative of 
; an infective type of gastritis. The frequent pres- 
■, ence of - deeply ' bile-stained columnar epithelium 
■r in the fasting stomach associated with bile is sug- 
‘ : gestive of .gall tract disease. 

/ / 5. Bacteria in the gastric residuum are rarely 
. of importance. In the ordinary tube examination 

;/ 'a v ;few bacteria will usually be found. However, they will be associated with, oral 
; ; or basal epithelium or mucus. In other words, they have been swallowed during / „ 

■■ tHe; passage .of the tube. The presence of bacteria, particularly of the pyqgenic 
variety;, occurring in colonies or masses and intimately associated with exfoliating » ■ 
epithelium from the stomach, usually means an infective type of gastritis.; The . •• 

pfesence-of masses of deeply bile-stained organisms, on the other hand, may iridi-. , - . 

cate biliary tract disease. • ■ / 7 / : /•./■■■ T 

:/// The finding of the- Boas-Oppler bacillus in the stomach is significant of gastric • '. v 
>•. stagnation. In/a great majority of the early cases of cancer the Boas-Oppler bacilli ' J ■ ■ 

■ / will not be found. It is not until the hydrochloric acid starts to be reduced .and //( /;/ 
1 ' obstruction has occurred that one can expect to find, this organism (Fig. 129).; ■ // 

-/.O. lTissue fragments are occasionally found in the gastric residuum. .Rarely! in ; 

/ ' cases of, cancer, small fragments of mucosa may be found sho^v-MrcmqmatousL-;:/’.' - , 
/ Vinfiltration and. probably more often areas of necrotic tissue containing leukocytes // ' 
v arid bacteria. In achylia gaslrica and in atrophic gastritis; fragments- may be rc- \. v 

■ '/ •■;'■ / •■/ •' ‘ . ‘ '' ’ • , .v ‘ ,/' v -••• ‘ ( ; 1/ * .'■'/ 



Fic. 129.— Opflek-Boas/Bachu • 

(From Todd and Sanford, Clin- 
ical Diagnosis by Laboratory 
Methods, W. B. Saunders Co;), 
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covered showing a great diminution in the number of gastric tubules or a complete 
absence of tubules. A small round cell infiltration of ibe fragment may be noted 
in cases of gastritis. Small fragments of gastric mucosa may be found in peptic 
ukcr. Tlris rarely happens, however, as the hyperacid juice, commonly found in 
this condition, soon digests any protein matter present. The finding of fragments 
of mucous membrane showing a hyperplasia of the glandular elements particularly 
of the base of the gland would suggest a diagnosis of hypertrophic glandular 
gastritis. Einhorn describes the recover)' of hemorrhagic flakes of gastric mucosa 
in the fasting residuum which he ascribes to “gastric erosions.” 

7. Starch granules are usually present and easily recognized by their concentric 
slrialions. When undigested, they stain blue with Lugol’s solution; when partially 
digested, a reddish color due to er)throdexlrin. Fat may be present, as likewise 
other particles of partially digested food such as mu«cle fibers and vegetable cells. 
Various crystals may be found, especially of fats, but they possess no particular 
significance. Animal parasites or ova may be observed (Fig. 128). 


CHAPTER X 


METHODS FOR THE COLLECTION AND EXAMINATION 
OF BILE AND DUODENAL CONTENTS BY 
DU ODEN 0 -BILIARY DRAINAGE 

METHOD FOE COLLECTION 

Duodenal contents are aspirated by syphonage (Fig. 130) through a swallowed 
flexible rubber tube fitted with a peifoiated lip by the method of Lyon. The flow 
of bile is stimulated either by injecting magnesium sulphate, which produces a 
localized relaxation (transient ileusj of the duodenal region, opening the sphincter 
of Oddi, or by the use of physiological cholagogic and choleretic agents, such as 
olive oil, peptone, or oleic acid. 

Materials Required. — 1. The Lyon tube is 130 cm. in length, with a pear- 
shaped metallic tip having an elongated grooved shank securing it to the tube 
without tying by thread, thereby minimizing trauma. This tube has two marks 
equidistant from the ends, and 20 cm. apatt. The single maik at 55 cm. from 
the lip represents the average distance from the lips to the greater curvature of 
the stomach, and the double mark at 75 cm. to a position approximately at the 
level of the ampulla of Vater. To tire outer end is attached a glass observation 
cannula or window, which, in turn, connects a larger size tubing. 30 to 50 cm. 
in length. Because the marks on this lube aie equidistant from the ends, the tube 
may be reversed when wear and tear begin to appear on the swallowed portion. 
These lubes are also equipped with an adjustable rubber collar at the duodenal 
mark, which serves to record the variations in length effective for individual 
patients, and to enable the patient to feel its contact on the lips •without difficulty. 

Othei useful lubes are those of Rehfuss, Twiss, Levin and Jutte (well adapted 
for use in infants). 

2. Each patient is also provided with a tray containing a one ounce capacity 
Asepto bulb syringe, a kidney basin, a clamp, a percolator or funnel, two 250 c.c. 
graduates, and 125 c.c. graduate, and three or more 250 c.c. bottles fitted with 
perforated rubber stoppers with glass tubing inserted for the collection of bile. 

3. Stimulants for Bile Flow . — (a) Saturated solution of magnesium sulphates 
diluted with two volumes of sterile water to make a 33% volumetric solution. 
With this the patient is stimulated one or more times, depending upon the amount 
of magnesium sulphate solution that has been retained. The following fractional 
dose is advised: first stimulation of 45 c.c., recovering as much as possible; second 
stimulation of 30 c.c.; third stimulation 30 c.c. Care should be taken that not more 
than 90 c.c. of the 33 per cent solution (equivalent to one ounce of the saturated 

215 



216 


CLINICAL PATHOLOGICAL METHODS 


solution) is retained at any one treatment, because of the danger of a severe 
adynamic ileus of the upper bowel. 

(b) Fifty to 100 c.c. of a 5'/* sterile solution of peptone (boiled and filtered). 

(c) Fifteen to 30 c.c. of olive oil warmed to body temperature. Adding IS c.c. 
oi hot water facilitates its delivery through the tube. Since the oil rises to the 
top of the specimens and does not dilute the flow of bile, it affords the most 
satisfactory results when quantitative chemical analyses are to be carried out. 



Fic. 130.— Passing the Gastroduodenal Tube (Lyon) 

(From Lyon, N on-Surgical Drainage of the Call Tract, Lea and Febiger.l 


Olive oil frequently produces a more prompt flow of B-bile than occurs with 
magnesium sulphate, and occasionally will cause such a flow after previous drain- 
ages with the magnesium salt have failed to do so. The chief objection to the -use 
of olive oil, however, is that it interferes with proper microscopy, especially at 
the hands of a beginner, 

(d) The to 10 c.c. of oleic acid, chemically pure, in IS to 30 c.c. of water. 

Procedure. — 1. Preparation of the Patient . — The most satisfactory time for 
doing a diagnostic drainage is in the morning on a fasting stomach. In preparation, 
the patient may be instructed to eat a meat sandwich, 20 raisins, and a glass of 
milk or water at 9:00 p.m., the night before, os an optional motor test meal. The 
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■reason for this test 5 meal is, to : introduce easily recognized food material so that if . 
stasis occurs, it maybe detected in the aspirates the following morning. 

Vy /i&fler a .twelve-hour fast, drainage is then performed the 'following mornin 
vat nine o’clock. Brushing of the teeth that morning should be omitted to prevent , “ 
;:, ,the swallowing of; blood from bleeding gums. A few moments', of simple explana- T 
tioii as:- to the procedure generally gains the confidence of the patient. For the 
. beginning , of the drainage, the patient, if not too ill, sits on a chair, having : re- • 
v .nioved: any . dentures of tight clothing. 

2. Intubation.— (a) In passing the lube, stand a little to the right of the pa- 
; tient, facing him with the tip of the tube in the right hand (Fig; 130), and explain 
-that , when the lip is placed in the back of the mouth, he. should alternately swallow 
: and breathe naturally through the nose, holding the head in a natural position. 

V. until the tip has passed the glottis, after which the tube may easily be slipped 
?' down to the stomach mark in the absence of esophageal obstruction or an excessive . 

reflex..,- ' \ V' ■ • ‘ . ' .. . ' " ’ . ' 

• •( . (fi) -The. fasting gastric residuum is now extracted by gravity. Only occasionally, 

> is'/ the syringe needed to start the flow, but always with minimum suction to avoid . 

■ trauma. This ' residue should be described and examined, especially for free and 
total hydrochloric acid, occull blood, bile, mucus, and detailed microscopy. 

; ' * (c) The stomach, is now washed with several 250 c.c. units of . sterile water at : 

body, temperature through a, percolator or funnel placed about 18, inches above the 
. patient’s, head. This is returned by syphonage into a graduate on the floor. 

{d) Following this, 100 c.c. of sterile water, may . be introduced through the ; 

• tube into the' stomach to encourage gastric peristalsis, in carrying the lip through 
L .the pyloric; canal, ' find the tube is then clamped, y • - . > > 

. (e)iThe patient ds : instructed to lie on the bed on. his right side (Fig. 131) and 
. y slowly swallow the tube, taking 20 minutes to get. the duodenal mark on the lips. 

; One minute for each centimeter on the Lyon tube will usually engage the tip . 

.. , synchronously with the frequent peristaltic waves.- which will carry it through the v 
"V: Pyloric canal. -• 

' .(/) - The tube is then unclamped and connected to the first bottle. The first 

' fluid to appear will be either pearly gray or yellow duodenal-pancreatic fluid, v 
; The fasting duodenum frequently already contains bile. . , , ■ 

-V (g) In locating the position of the duodenal tip and assuring oneself that it, is 
at -the proper level, fluoroscopy is rarely necessary. If . there exists, any doubt as 
, to the. location of the tip, stethoscoping the. abdomen for maximum air explosions 
r over the stomach and duodenum with air introduced under syringe pressure through 
the tube will prove highly reliable. An experienced technician, however, can easily ■ 
and quickly locate the position of the tip when using an Asepto bulb syringe, and, *. 
with an ..“educated thumb” constantly controlling the pressure, on the bulb,, by 
injecting a little water will find that if . the tip is in tile stomach, all fluid will . - 
; return quickly ; if in the pyloric. canal, ! the water will go in very slowly and there 
iVill.be no. return of the fluid, but only.g decided tug. on the bulb; if in .the : /, 
duodenum, the w r ater will enter slowly ■ and only a portion, generally bile-stained, / 
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tvill return. If the tube is not in the duodenum, it is then withdrawn well up in 
the stomach and slowly reswallowed. A lulw buckled in the stomach or at the 
pyloric orifice may be partially withdrawn without any initial resistance, but if 
the tip ia in the pylorus or duodenum a slight initial 'resistance is felt. Rarely a 
worm tube knots itself in the stomach. 

3. Stimulation Jor Bile Flow. — (a) With the tip definitely in the duodenum, 
bile drainage is established by serial stimulations with one or more of the stimu- 
lants described above. These solutions should all be introduced at body tempera- 
ture and the tube clamped for 2 to 5 minutes before syphonage is established. 



Fic. 131 . — Duodenal Lavace in Sims’ Position 
(From Lyon, Non Surgical Drainage of the Call Tract, Lea and FcLiger.) 

This'will begin immediately provided the tube remains filled with fluid before 
being clamped. A mixture of magnesium sulphate and peptone will sometimes give 
better results than either alone, and both are satisfactory for bile microscopy and 
culture. 

(b) Over a thiee-hour drainage period the amount of bile mixture usually 
recovered by an adequate drainage will total 250 to 400 c.c., including 20 c.c. of 
pearly gray or yellow duodenal fluid fD-bile), 10 to 20 c.c. of golden-yellow duct 
bile (A-bile), 30 to 75 c.c, of dark yellow-brown, mahogany, dark green, or black 
gallbladder bile (B-bile), and at least 200 c.c. of golden to lemon liver bile 
(C-bile). The appearance of these is shown in Plate VI. Collecting bottles should 
be changed at intervals as the bile fractions are identified. 
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(c) Cultures are made as desired from any bile sample. For gallbladder culture 
the best material is afforded by the last of the B-bile (the dregs from the floor 
of the gallbladder) . This is theoretically so but is practically difficult of accom- 
plishment. Cultures are taken directly into glucose hormone bouillon in the special 
flasks devised by, Richardson (Fig. 132). Or the bile may be collected in a sterile 
vial (Fig. 133) and plated in the laboratory. 

(d) Withdrawal of Tithe . — Before withdrawing the tube from the duodenum 
to the stomach and from the stomach to the esophagus, a little air should be blown 



Fig. 132. — Special Cultuiie Flask 

(From Ljon, Nan-Surgical Drainage oj the Gall Tract, Lea and Febiger.) 

through the tube to balloon the walls away from the metal tip to avoid scratching 
the mucous membrane. As the tube reaches the glottis, a swallowing movement 
will facilitate its withdrawal. The duodenum and stomach may be lavaged during 
removal as desired. A stomach wash with water during withdrawal to remove any 
legurgitant bile, and a mouth wash, a cup of Inotli, and some crackeis after with- 
drawal add to the comfoit of the patient. Tubes should be flushed out and sterilized 
by boiling after use. Good rubber should be used in the manufacluie of these 
tubes. 

Sources of Difficulty. — Occasionally difficulty may be experienced in getting 
the tip through the pylorus, or the tube may be sharply buckled in the stomach. 
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In suth a situation withdrawal of the tip well up into the fundus is necessary 
prior to rcswallowing. The following Conditions must be considered: Faulty tech* 



Fie. 133 .— Colieciiov Via 

(From L>on, NonSurgical Drainage of the Gall Traci, Lea and Feblger.) 

nic; pylorospasm; gastroptosis and gastric atony; organic disease of the stomach 
and duodenum and accidents. 

MACROSCOPIC EXAMINATION 

The' gross description of each of the bile fractions should include: 

1- Amount. 

2. Color. Red and green biles are anomalous and may be obtained at times 
directly from the liver or gallbladder. The admixture of gastric juice will fre- 
quently cause any specimen to turn green on standing. 

3. Flocculation ami precipitation. The amount of white or bile-stained flakes 
suspended in or setting on the bottom of the receiving bottle in uncentrifugcd 
specimens should be recorded as to degree, as follows: 

= occasional lloccule (normal). 

-{ — to -f — f — | — = pathological 

4. Blood (pure blood rarely observed). . 

5. Red mucous flecks (often associated with gastric or duodenal ulcer). 

6. Viscosity (normally slightly viscou«, due to mucin). 

As a rule it may be said that normal duct, gallbladder, and liver biles will be 
transparent and free from turbidity, except as occasional zones of turbidity, like 
an egg yolk emulsion, form in the drainage bottles as spurts of acid gastric juice 
(physiological action of the vagus) blend -with the bile. This turbidity, caused by 
the precipitation of bile acids, will clear up on shaking the specimen if the pH 
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of the duodenal bile mixture is sufficiently alkaline. Otherwise turbid biles ore 
to be construed as pathological, especially when they contain much flocculent 
debris or sediment abundant in exfoliated epithelial cells, pus cells, bacteria, 
mucus, crystalline elements, or oleaginous substance. 

Not infrequently in the presence of a non-functioning gallbladder, liver bile 
will be darker and more concentrated than normal. This concentration of bile may 
readily be ascertained by determining its bilirubin content, especially if olive oil 
has been used as the stimulant. The normal bilirubin content of liver bile, obtained 
by the use of olive oil, ranges from 2 to 10 mgm. per 100 c.c. in the duodenal 
fluid, whereas the bilirubin content of abnormal liver bile ranges from 11 to 



(From Lyon, Non Surgical Drainage of the Call Tract, Lea and Febiger.) ^ 

40 mgm. per 100 c.c. when obtained under similar conditions. The “B” fraction, 
which is a mixture of gallbladder and liver bile, should exhibit an appreciable 
elevation in bilirubin content to SO or more mgtn. per 100 c.c.) if the gall- 
bladder is functioning properly as a concentrating viscus. For a method for de- 
termining the bilirubin quantitatively see Elton and Deutsch, Archives of Pathol- 
ogy, 1933, 15:818 

MIOEOSOOPIO EXAMINATION 

1. Do not centrifuge the specimens. 

2. Fish for desired floecules and sediments with a pipet and prepare wet prepara- 
tions. 




Fic. 137 .— Degenerated Bile-Stained Columnar Epithelium 
(From Ljon, Non-Surgical Drainage oj the Gall Tract, Lea and Tebiger.) 





Fio. 138.— Microscopy or Bile 

1, salivary corpuscle*, oval or round cells containing irregular sized granules. X380; 2, myelin 
threads from ga*lric tubule*, rolled into small snail like bodies by gastric peristal*!*, X380; 
3, pus cells vrilh intact protoplasm. X380; 4, yeast, leptothrix and mixed bacteria, X250; 
5, vegetative forms of Ciardia (LamMia) X460; 6, larvae of Strong} loides atercoralis, Lugol’a 
stain, X36Q. (From Lyon, Adas o/ Biliary Drainage Microscopy .1 
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3. Examine fresh unstained wet preparations under both low and High dry 
magnification. 

4. Examine at least three preparations from each specimen showing flocculation. 

5. Examine for the following (see Table I) : 

(a) Epithelial cells which may he present from the mouth, esophagus, 
stomach, duodenum and gallbladder (Figs. 134, 135, 136 and 137). 



Fig. 139. — Practically Pure Pus with Occasioxal Necrotic Epithelial Cell and Mass rs 

of Bile Pigment 

(From L>on, Nan-Surgical Drainage of the Gall Tract, Lea and Febiger.) - 

h 

( b ) Salivary corpuscles (Figs. 138 and 139). 

(c) Myelin threads (Fig. 138). 

5 (d) Pus (Figs. 138 and 139). 

(e) Micro-organisms and parasites (Figs. 138 and 140). 

s (/) Mucus (Fig. 141). 

(g) Oleaginous substances (Fig. 141). 

(h) Crystals (Figs. 140 and 142). 

(£) Food (Fig. 141). 
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Fic. 140.— Bactehul Coiony f»OM Duodenum 
(From Lyon, Non -Surgical Drainage of the Call Tract, Lea and Febiger.) 

DETECTION OF TEYpsiN, AMYEABE AND X.TPASE IN 
DUODENAE CONTENTS 

Einhorn's Method. — 1, Place sufficient Iiile in test tube to make aliout 3 inches 
deep. 

2. Place in the bile the following tubes (file off the ends, avoiding dried out 
ends) : 

(o) Hemoglobin tube 
(6) Starch lube 
(c) Olive oil tube 

Preparation of Hemoglobin Tubes 


Hemoglobin powder 1.0 gra. 

Agar powder 2.5 gra. 

Water (distilled) q.s 100.0 c.c. 


Rub hemoglobin powder with 10 c.c. of water until a smooth paste is obtained; 
then odd the agar and water. Heat and fill capillary tubes as directed for starch 
tubes. 

Preparation of Starcii Tubes 


Agar powder , 2.5 gm. 

Starch 5.0 gm. 

Water (distilled) 100.0 c.c. 




1, mucus ribbons on ban* J™” 

js£r3£?:As£s U Si* «r* s ;^ «is?r x200; * ““ 

cells from bread, X460. (From Lyon, X/te of Biliary Draaiagc Microscopy.) 
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Rub starch and agar in a mortar with sufficient water to make smooth paste, then 
add balance of the water. 

Place in a flask and heat to boiling point. 



(From Lyon, Nan-Surgical Drainage of ihe Call Tract, Lea and Febiger.) 


Draw by suction while still hot into warm capillary gla's tubing (inside diameter 
1.5 millimeters). 

After cooling cut into small pieces (3 centimeter lengths) and seal the ends 
with paraffin. 

Preparation of Ouve Oil Tubes 


Olive oil 25 c.c. 

Agar powder 2 gm. 

Nile blue sulphate (aq. sol. 1:2000) q.s. .. 100 c.c. 


Rub olive oil and agar together to make thin paste and then add Nile blue 
solution to make 100 c.c. Heat to boiling; fill in capillary tubes as directed for 
starch lubes. 

3. Place in the incubator at 37“ C. for 21 hours. 

4. Examine the two ends of the hemoglobin tube for clear, digested area; meas- 
ure each with millimeter rule; take the average and report in numbers of milli- 
meters. The digestion is due to the presence of trypsin. 

5. Examination of starch tube. Push the contents of tube out on a slide and 
cover with Lugol’s solution; measure the part which does not turn blue as above 
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TABLE 1 1 


Object 


Oral mucous 
membrane 


Description 


Stratified squamous epithe^ 
lium 


Cause of Excess 


Stomatitis 


Comment 


May be accompanied by pus 
cells 


Salivary 

corpuscles 


4 to 5 times size of leuko- 
cyte: twice size of duo- 
denal cell: oval or round, 
containing: granules of ir- 
regular sizes 


Rarely reach duodenum. May 
liberate granules as irregu- 
lar, dense translucent gray 
bodies, probably lecithin, 
mucin, or myelin. Lecithin- 
hke bodies at times found 
m bile. 


Esophageal 

cells 


Stratified squamous epithe- 
lium, with tendency to 
more narrow diamond- 
shaped pattern in deeper 
layers. More variation in 
size and shape of nucleus. 


Simple esophagitis 
due to mucosal 
irritants: cardio- 
spasm: cancer of 
esophagus: di 

yerticulum. 


Patients present deglutition 
difficulties 


Myelin 

threads 


Small snail-like bodies 


Pus cells 


Nucleus prominent when cy- 
toplasm digested by nor- 
mal or increased HC1: not 
digested if bypocblorhy - 
dria exists. Bile stained 
pus cell suggests biliary' 
tract inflammation 


Gastric cells 


(a) Tall columnar cell pre- 
dominates: goblets with bi* 
forked tails: usually not 
bile stained 

(b) Columnar, but scanty, 
degenerated, thick-bodied, 
and hyalin in appearance 


Duodenal cells 


(a) Oval or cuboidal cell 
with single nucleus: often 
twice size of leuhocvfe: 
pearly grav unless bile- 
stained when devitalized 
(/>) Same, with degenerative 
changes of hyaline and 
amyloid character, and in- 
creased in thickness and 
density: vacuolization and 
inclusion bodies in nu- 
cleus and cytoplasm 
(cl Atypical cell: larger 
and resembles resting 
amoeba, with granules 
bunched in cell, leaving 
small zone of clear cyto 
plasm 


Hyperperistal«is: 
high gastric acid- 
ity 


Probably pressed out of gas 
trie tubules: may be 
mucin, or derived from 
saliva 


Inflammation in 
zone where 
found or in ad- 
jaccnt /one 
abov e 


Nuclei Tesist gastric diges- 
tion, but aie readily at- 
tacked by pancreatic tryp- 
sin 


(a) Irritants 


(6) Usually in 
chronic progres- 
sive atrophic 
gastritis 


Oval and cuboidal cells of 
gastric epithelium do not 
exfoliate to appreciable de- 
gree 


(a) Duodenitis 


Exact origin and nature still 
obscure, but represents the 
typical cell of the duode- 
num 


( b ') Chronic duo- 
denal disease 


(c) Deep-s eated 
duodenal ulcer: 
cancer of pan- 
c r e a s eroding 
through duode 
nal wall 


(c) Phagocytic cells? Pos 
sibly derived from pancreas 


1 Compiled from Lyon, Atlas of Biliary Drainage Microscopy. 
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Object 


Description 


Cause of Excess 


Comment 


Gallbladder 

cells 


j Single layers of simple tall 
I columnar epithelium be- 
! low which lie collections 
I of polygonal cells: ar- 
ranged in rows, fans, or 
ro«eltes. Bile-stained if de- 
vitalized 


Cholecystitis: ante- 
dates all other 
diagnostic signs 


'Polygonal" cells may some- 
times he columnar cells 
viewed on end. Short col- 
umnar epithelium may be 
derived from duct epi- 
thelium 


Micro-organ- 


fa) Bile-stained bacterial 
colonies I 

, 16) Diilu'e bacteria 

(c) Lcptothnx- fungus-yeast 
group 

( d ) Algae or diatoms 


(a) Infection of ; 
biliary tract | 

(c) Secondary in- 
vaders 

(d) Seasonable, I 
from water sup- 1 

plr 


(a) must be prosed viable 
by culture 


Mucus 


(а) Duodenal mucus ap- 
pears as well defined rib- 
bons or bands: not neces- 
sarily bile-stained: may be 
tinged rusty red from 
hemoglobin products 

(б) Twi*ted or spiral mu 
cus: invariably bile- 
stained: often dense and 
occasionally encrusted with 
granular deposits of bril- 
liant yellow pigment ot 
(?) bile acids. 

(c) Crossly visible mucus 
plugs 


(a) Catarrh. Red 
mucus associated 
with duodenitis, 
erosion, or ulcer 


(A) Catarrh of! 
ducts, especially 
cystic duct 


(c) from ducts 


(a) Duodenal cells accom- 
panying duodenal mucus 
are usually bile-stained 


(A) Conformation of Ilei«- 
lerian valve would cause 
twisting 


(c) Presence may check re- 
cession of catarrhal jaun- 
dice at limes 


Oleaginous 

substance 


Crystals 


Yellow oily fluid as drop- 
lets, pools, and lakes: may 
| melt out from unusually 
den«e twisted and bile- 
stained mucus. May ap- 
j pear as amorphous bright 
1 yellow or orange sub- 
stance, from which pools 
j and lakes emerge on stand- 
ing 


Catarrh of bile' 
ducts, especially 
of cystic duct 
when present 
with twisted mu- 
cus: also occurs 
occasionally with 
cho1estero«is of 
gallbladder 


Probable fatty ester of chol- 
esterol: may form actual 
cholesterol crystals. May 
be a«ociated with cystic 
duct occlusion until ex- 
pelled. Olive oil droplets 
are colorless under the 
microscope. 


(a) Cholesterol plates: flat, 
colorle"*, thin fragments 
Wth chipped edges like] 
splintered window glass 


All crystals imply i 
formed or form- 1 
ing calculi. They 1 
may also he a 
component of 
gall sand which 
drains off 


fa) Especially significant 
when the more imperfect 
in fnrm.^ or when asso- 
ciated with calcium bili- 
rubinate 


(A) Calcium bilirubinate: 
clusters of lustrous bright 
yellow, lemon, or orange 
finely or coarsely granu- 
lar cr)«tals: lustrous bril- 
liancy differentiates from 
bite acids 

(c) Calcium: dirty grayish 
white, dense, thick, chunky 


(A) The most gritty of all 
the biliary crystals under 
the cover slip 


(c) Like other crystals, must 
be differentiated from vari- 
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Object 


Description 


and irregular in size and 
shape 


id) Bile pigment: reddish 
amber to brown or black, 
with occasional reddish or 
yellow tints on thinned 
edge 

( e ) Tyrosine: long slender 
1 needles 

Parasites (a) Giardia: usually at- 

tached to ribbons of 
duodenal mucus or to du- 
odenal cells by their 
sucker - like peristomes: 
dumbbell-shaped nucleus 
resembles pair of eyes: 
pear-shaped with eight fla- 
gellae arranged in pairs: 
average 12-20 by 8-12 mi- 
cra: resemble bowl of 
spoon when viewed on 

' side: more refractile than 

cells: tumble and gyrate 
when motile: stunned by 
action of magnesium sul- 
phate 

(b) Strongyloides sterco- 
ralis larvae: actively mo- 
tile 

(c) Various rarer parasite' 
(entameba histolytica, clo- 
norchis sinensis, distoma 
hepaticum, chilomastix 
mcsnili, ankylosloma du- 

, -odenale, trichomonas and 

cercomonas horainis. asca- 
ris lumbricoides) 

_Food (o) Starch cells from bread: 

oval and spherical bodies: 
some closely resemble 
tenia ova 

( b ) Canned peas: might be 
confused with ova of di- 
phyllobotlirium latum 

(c) Lima beans: might be 
mistaken for ascaris ova 


Cause of Excess 

Comment 

■ 

ons artefacts, such as dust 
particles, sterilizer rust, or 
rubber flecks from old 
tubes 


(e) Should be differentiated 
from fatty acid crystals 

(a) Infestation: 
potential patho- 
gens 

(a) Fairly common: trans- 
mitted by cysts from car- 
riers handling fruits, 
vegetables, or water sup- 
ply. Often found in enor- 
mous numbers. Resistant 
to tieatment. 

(b) Infestation 

(b) Relatively rare except in 
tropics 

(c) Infestation 

(c) A'caris worms may be 
vomited as a result of 
stimulation of gag reflex 

Excess indicates 
stasis and de- 
sirability of X- 
ray studies when 
found in fasting 
stomach or duo- 
denum 

For further description of 
miscroscopic food par- 
ticles consult Lyon’s At- 
las. 


and report in millimeters. The digested portion fails to give the starch reaction 
with iodine. The digestion is due to the presence of amylase. 

6. Examine the ends of the olive oil tube and measure the portion which has 
turned violet. The Nile blue in the digested portion turns violet. Report in num- 
ber of millimeters as above. The digestion is due to the presence of lipase. 
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BACTEEIOLOOICAL EXAMINATION 

1. Smears of unstained and stained material may be examined for preliminary 
data as described above. 

2. Cultures should not be made if there is excessive retching and gagging because 
of the chances of contamination. 

3. Cultures are indicated (o) when large numbers of organisms are seen in 
smears; (6) in cases requiring a careful search for foci of infection; (c) in ra'-es 
of obvious gallbladder infection in which vaccine therapy is to be tried. 

4. The technic is described and bacteriological findings are given in Chapter 

XIX. 



CHAPTER XI 

METHODS FOR CONDUCTING LIVER FUNCTION TESTS 

Principles. — Although jaundice, defined as a quantitative or qualitative ab- 
normality in serum bilirubin, is a cardinal sign of a disturbance in liver func- 
tion, the multiplicity of functions carried on by this organ necessitates a cor- 
responding multiplicity of tests for the detection of specific functional aberrations, 
even when jaundice itself is readily demonstrable. 

Among the metabolic processes conducted wholly or largely by the liver, and 
the more important function tests based upon them, the following may be tabu- 
lated: i 

Functions Function Tests 


1. Deaminization and the formation of 
urea. 


2. Uric acid destruction. 

3. Excretion of bilirubin. 

4. Glycogen storage. 

5. Excretion of cholesterol and forma- 
tion of cholesterol ester. 

6. Detoxification. , 

7. Selective excretion of foreign dye- 
stuffs. 

8. Formation of fibrinogen. 

9. Formation of serum protein. 

10. Urobilinogen control. , 

11. Contribution of a factor essential 
for erythrocyte regeneration. 


1. Amino-acid tolerance: blood urea 
determination: Million’s test for 
tyrosinuria: blood ammonia deter- 
mination. 

2. Blood uric acid determination. 

* 3. Serum bilirubin tests: bilirubin tol- 

erance: icterus index. 

4. Galactose tolerance: levulose toler- 
ance: blood sugar determination: 
Burger test. 

• 5. Blood cholesterol and cholesterol 

ester determinations: 

6. Santonin test: hippuric acid test. 

7. Rose bengal : bromsulphalein : 
azorubin-S 

8. Blood fibrinogen determination 

f 9. Albumin-globulin Talio: Takata- 
Ara. 

10. Urobilinogen tests on urine and 
feces. 

11. Red cell diameter. 

understood to warrant routine clinical 
steadily increasing numbers, 
fully worked out at present. 


Many of these tests are not sufficiently 
use. Others, not listed here, are being devised in 
Correlations of these various tests have not been 


METHOD FOE DETERMINING THE ICTERUS INDEX 

Principle. — The icterus index is a physical measurement of the yellow color 
density 7 of blood serum by colorimetric comparison with the standard 1-10,000 
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potassium dichromate solution, which arbitrarily represents unity in color density. 

Standard Solution. — -Dissolve 1 gram of potassium dichromate in 90 c.c. of 
distilled water. Add 0.1 c.c. of concentrated sulphuric acid and dilute to 100 c.c. 
m a volumetric flask with water. 

For use dilute 10 c.c. to 1000 c.c. with distilled water, making a 1:10,000 
solution of potassium dichromate. The yellow color density of this solution rep- 
resents one icterus index unit. 

Procedure. — 1. With a dry ncpdle and syringe draw about 5 c.c. of blood from 
a vein; place the blood in a plain tube, allow clot to form, centrifuge, and 
remove the serum. It is essential that the serum be free of the slightest visible 
hemolysis and chyle (blood should be taken after period of fasting) . 

2. Dilute 1 c.c. of serum with a measured amount of physiological saline solu- 
tion until its color approximates that of the standard. 

3. Compare the serum in the Duboscq colorimeter with the icterus index stand- 
ard solution set usually at 15 mm. When intense jaundice is present, the standard 
may be set at 30 mm. 

4. The compulation is as follows: 


Reading of standard 
Reading of serum 


X dilution = Units of 'icterus index. 


As comparison is sometimes difficult in a colorimeter because of variations in 
shades and degrees of opalescence, the following standards may be employed: 

1. Dissolve 1 gram potassium dichromate in water, add 2 drops concentrated 
sulphuric acid, and dilute to 100 c.c. in a volumetric flask. Into eleven dry, clean, 
ordinary test tubes pipet 10, 5, 3, 2, 1.5, 1.2, 1, 0.7, 0.5, 0.3 and 0.1 c.c. of the 
above dichromate solution, and with a 10 c.c. Mohr pipet dilute the last ten tubes 
to 10 c.c. with distilled water. Mix. Clean eleven small test tubes (10x100 milli- 
meters) with cleaning solution, wash and dry. Fill about two-thirds full with 
above solution. Label the tubes respectively 100, 50, 30, 20, 15, 12,. 10, 7, 5, 3, 1. 
These may be tightly stoppered or preferably closed by sealing the glass. These 
labeled numbers correspond to icteric index units. 

Notes. — 1. Normal serum lias an index of 3 to 5. 

2. An index of 6 to 15 is the range of latent jaundice (without clinical signs). 

3. Fasting blood should be used as the lipemia after a meal interferes with 
the reading. 

4. Low values may be found in secondary anemia. 

5. Yellow pigments in the food (carrots) give a false reading and arc to be 
avoided 21 to 48 hours before the test. 


THE VAN DEN BERQH TEST TOR BILIRUBIN IN THE BLOOD 
Principle. — Bilirubinate reacts with the diazonium bodies of Ehrlich’s diazo 
reagent in an aqueous medium without alcohol to form a reddish dye, azolylirubin. 
Bilirubin does not give this reaction without alcohol. Van den Bergh, finding 
that bile gave this reaction without alcohol, applied the principle to serum. 
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Procedure, — 1. Place 1 c.c. of serum in a graduated centrifuge tube. 

2. Slant the tube to an almost horizontal plane and allow 0.5 c.c. of 'Ehrlich’s 
diazo reagent Lo run down the wall of the tube from a pipel so that it will be 
overlaid on the serum. ‘ , 

Ehrlich’s Diazo Reagent . — Freshly prepared before using by mixing the A and 
B solutions in the proportion of 5 c.c. of A with 0.15 c.c. of B. 


Solution A p 


Sulphanilic acid 1 gm. 

Hydrochloric acid, C.P 15 c.c. 

Distilled water, to 1000 c.c. 


Solution B 


Sodium nitrite, C.P 0.5 gm. 

Distilled water 100.0 c.c. 


Solution A will keep indefinitely. Solution B should be freshly prepared every 
six -weeks. 

3. The contact zone between the serum and the jeagent is examined against a 
good background (sky or glaze'd glass window) for the development of a reddish 
ring, which, however faint, is indicative of the positive reaction. 

4. If, in very weak reactions, the presence of a ring is suspected, it will become 
well defined in one or two minutes if the reaction is positive. 

5. If the reddish ring is demonstrable within two minutes the reaction should 

be recorded as positive. If not demonstrable within 2 minutes but apparent within 
10 minutes, the reaction should be recorded as “positive in minutes.” 

Comments . — -The use of this technic practically eliminates the former “delayed” 
reaction. Most positive reactions develop within one minute. The reaction is negative 
if no change occurs within 10 minutes. The outstanding advantage of this technic, 
aside from its extreme sensitivity, is that color contrasts are afforded in a single 
tube. The contact zone may be lowered as desired by a slight shaking of the tube, 
allowing further contrast between clear serum and a serum-reagent mixture. 

QUANTITATIVE SERUM BILIRUBIN DETERMINATION 

This test is based upon the principle that bilirubin as well as bilirubinate, will 
diazotize in the presence of alcohol. 

It is now believed that the Van den Bergh method does not certainly differentiate 
between obstructive and nonobstructive jaundice and certainly does not distinguish 
between a primary obstructive and' primary hepato-cellular jaundice. Many now 
believe that the promptness of the reaction — the so-called “direct reaction” — is 
due to free bilirubin which is almost always present in deep jaundice with high 
serum bilirubin readings. 
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Procedure. — 1. After the determination of the Van den Bergh reaction as given, 
shake the tube containing the serum and diazo reagent and add about 3 c.c. of 
95 per cent alcohol (containing a trace of ether) . 

2. If a definite pinkish color fails to appear within two or three minutes, and 
only a white turbidity occurs, the quantitative reaction may be recorded as “too 
low to measure” or “less than 0.25 milligrams per 100 c.c” 

3. If a very definite pink or ruby red color does develop, add 1 c.c. saturated 
ammonium sulphate, shake gently, and centrifugate for five or ten minutes. 

4. On removal of the tube from the centrifuge, three layers will lte seen: a 
bottom layer of clear colorless ammonium sulphate, a middle layer of compact 
precipitated serum proteins, and an upper layer of pink or ruby red alcoholic 
solution of azobilirubin. Determine from the graduations on the centrifuge tube 
the volume in cubic centimeters of the upper colored layer, and calculate the 
dilution factor as follows: 


Volume of upper layer 
Volume of serum originally u«ed 


~ dilution factor 


5. In the Duboscq colorimeter compare a portion of the upper layer (pipet 
or pour off into colorimeter cup) with the bilirubin standard solution. For weak 
reactions the standard may be set at 2 mm, for strong reactions, at 5 or 10 mm. The 
calculation is as follows: 


Heading of standard X dilution factor =s milligrams of bilirubin 
Heading of unknown 2 per 100 c.c. of serum 

Bilirubin Standard Solution . — Dissolve 2.16 grams anhydrous cobalt 
sulphate in distilled water and dilute to 100 c.c. or dissolve 3.92 grams of 
hydrated cobaltous sulphate crystals in water, add 0.5 c.c. sulphuric acid, C.P., 
and dilute to 100 c.c. Either of these standards will keep indefinitely in the dark, 
and each is the equivalent of 0.5 milligrams of bilirubin per 100 c.c., in the form 
of azobilirubin. 


Comment . — -When bilirubinate has been shown to be present by the Van den 
Bergh reaction, the middle layer of proteins will often be faintly pink in color, 
indicating a loss of pigment from the upper layer. This loss is not clinically rele- 
vant, but if one wishes to avoid it. Van den Bergh has recommended that the serum 
first be diluted with distilled water before the addition of the diazo reagent, in 
order to break up the adsorption of bilirubinate by serum proteins. This modifica- 
tion of the technic will increase materially the yield of bilirubin In some sera, 
but will not do so in any serum unless the Van den Bergh reaction has been found 
to be positive. 

Normally, there is less than 0.25 mgm. per 100 c.c. 
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HOSE BENGAL TEST 

Principle. — This test depends upon the specific elimination from the blood 
stream of the nontoxic dye. rose bengal (disodium-tetraiodo-tetrachlor-fluorescein), 
by the liver. 

Procedure. — 1. 10 c.c. of blood is withdrawn from a vein and oxalated. 

2. 10 c.c. of a sterile 1 per cent solution of rose bengal (Coleman and Bell) is 
injected through the same needle. 

3. This syringe is now discarded, and a fresh syringe, filled with normal saline, 
is connected to the needle, and the saline is injected slowly over a three-minute 
interval to keep the needle open. 

4. 10 c.c. of blood is withdrawn at the end of the three-minute interval and 
oxalated. 

5. Exactly 6 minutes later 10 c.c. of blood is withdrawn and oxalated. The 
patient is advised that his stools will be red and that he is to remain in a subdued 
light for twelve hours to avoid a skin reaction from photosensitiration. 

6. The blood specimens are centrifuged and the plasma removed. 

7. Acetone (C.P.) is added to each plasma in the ratio of two parts of acetone 
to one part of plasma. The lubes are shaken well and centrifuged. 

8. The acetone extract of each is poured off into clean tubes and 0.5 c.c. of a 
saturated solution of sodium hydroxide (50% weight to volume) is added to each 
acetone extract to remove fat and bile pigment. These tubes are shaken several times 
during the next half hour and again centrifuged. The clear top fluids are then 
ready for comparison, unless considerable bile pigment is left from heavily 
jaundiced specimens, requiring one or two more treatments with sodium hydroxide 
for its removal. 

9. Colorimetric readings are made by comparing the second (three minute) 
extract with the third (nine minute) extract. If exact matching cannot be obtained, 
due to a deeper yellow rose color on one side, this can he corrected by holding a 
compensating filter of lightly picric acid stained cellophane or celluloid under the 
less yellow cup and an unstained di«k of the same material under the other. Several 
such filters of different shades are of value. The calculation is as follows: 

• 200 minus 200 X Rs , . . 

• — = per cent liver iunction. 

Rs is the colorimeter reading of the three minute sample, and Ru is the colorimeter 
reading of the nine minute sample. 

Photelometer readings may be made by using a Wratten No. 74 filter and the 
acetone extract from the first (pre-dye) sample in the middle cup, instead of water. 
The galvanometer readings are then transformed into readings of milligrams per 
300 c.c. by comparison with a standard curve worked out by Giordano and Eager 
(see Table p. 238). The following calculation is then used: 

200 minus 200 X M2 .. r . 

— — = per cent liver function. 
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TABLE I 


Calibration Table for Rose Bescal Determinations * 


Photelomeler 

Readings 

Rose Bengal 

l’hnielometer 

Readings 

Rose Bengal 

I’hotelomeler 

Readings 

Rose Bengal 

25.0 

mgm. 

3.600 

50.0 

mgm. 

1.139 

75 0 

mgm. 

0414 

25.5 

3.509 

505 

1.116 

755 

0.403 

26.0 

3416 

51.0 

1.092 

760 

0593 

25.5 

3.325 

5 15 

7.069 

76.5 

om 

27.0 

3236 

52.0 

1.016 

77.0 

0577 

27.5 

3.149 

525 

1.023 

775 

0568 

280 

3.062 

530 

1.000 

78.0 

0559 

285 

2.978 

535 

0.983 

785 

0550 

• 290 

2895 

540 

0967 

790 

0512 

29.5 

2.814 

515 

0951 

795 

0.333 

300 

2.733 

55.0 

0.934 

800 

0521 

30 5 

2 651 

555 

0910 

805 

0516 

31.0 

2576 

56.0 

0.903 

81.0 

0307 

315 

2.500 

565 

0887 

815 

0-293 

32.0 

2.446 

57.0 

0872 

82.0 

0-290 

325 

2.391 

575 

0857 

825 

0581 

330 

2.312 

58.0 

0812 

83.0 

0573 

335 

2.291 

585 

0 826 

835 

0565 

ato 

2.241 

590 

0.812 

810 

C556 

3J 5 

2.191 

595 

0.797 

815 

0518 

350 

2.142 

600 

0.782 

83.0 

0510 

35 5 

2.095 

605 

0.768 

855 

0532 

360 

2.017 

61.0 

0753 

86.0 

0521 

36 5 

2.000 

615 

0.739 

865 

0516 

37.0 

1.960 

62.0 

072S 

87.0 

0.208 

37.5 

1.918 

625 

0.712 

875 

0.200 

38.0 

1877 

630 

0697 

88.0 

0.192 

38.5 

1537 

63.5 

0.683 

885 

0.181 

39.0 

1.798 

61.0 


89.0 

0176 

395 

1.759 

64 5 

0.656 

89 5 

0.168 

•WO 

1.721 

65 0 

0.612 

900 

0.160 

405 


65 5 

0 629 

90.5 

0.153 

41.0 

1615 

660 

0 616 

910 

0145 

415 

1.608 

66.5 

0 602 

91.5 

0.138 

420 

1572 

67.0 

0 589 

92.0 

0.130 

425 

1536 

675 

0.576 

925 

0.122 

43.0 

1.500 

63 0 

0.563 

93 0 

0.115 

435 


685 


93.5 

0107 

44.0 

1.444 

69 0 

0538 

910 

0.100 

44.5 


695 


91.5 

0092 

45 0 


70.0 

0513 

95 0 

0.083 

455 


705 

0.500 

95 5 

0 074 

46.0 


71.0 

0.490 

96.0 

0 066 

46 5 


715 

0 480 

965 

0.0.58 

47.0 


72.0 

0 471 

97.0 

0.O19 

47.5 


725 


975 

0011 

48 0 

1537 

730 

0 451 

980 

0.033 

48.5 

1212 

735 


98 5 

0021 

49 0 


740 

0433 

990 

0 016 

495 

1.163 

745 

0.423 

995 

0003 
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MI is the milligram pei cent concentration of the three-minute specimen, and M2 
is that of the nine-minute specimen. 

Interpretation. — A normal liver excietes about 50% of the injected dye in 6 
minutes. Normal values for the test are 85 to 110%. The louest values (20 to 50% 
function) have been found in catanhal jaundice and cirrhosis. Values of 50 to 85% 
have been found in the toxemias of pregnancy, acute and subacute cholecystitis, 
diffuse hepatitis, and a few advanced metastatic carcinomas of the liver. The result 
obtained indicates the amount of functioning liver left, rather than tire type of 
lesion that exists. 


GALACTOSE TOLERANCE TEST 

Principle. — Galactose, a readily assimilated simple sugar without a renal 
threshold, is promptly converted into glycogen by the normal liver, while the 
remainder of the organism is apparently unable to utilize or store it. 

Procedure. — 1. After an overnight fast tire patient empties his bladder, this 
specimen being saved as a control. I 

2. The patient then drinks a solution of 40 grams of galactose in 500 cm. of 
water flavored with lemon juice. Thereafter he may drink water freely. 

3. Specimens of urine are collected hourly from the resting patient for the next 
five hours, and each is placed in a separate container, appropriately labeled. 

4. At the conclusion of the five hours, each specimen is tested for reducing sub- 
stances with Benedict’s qualitative reagent. Those giving positive reactions are 
mixed, and their combined volume determined. 

5. The total content of i educing substances in grams present in the combined 
specimens is determined by the quantitative method of Benedict. 

Sources of Error. — Although the excretion of galactose in the urine of diabetic 
individuals is usually comparable to that of noimal persons, it is advisable, due to 
an aveiage increase of 40 milligrams per 100 c.c. in blood dextrose during the test, 
to perform fermentation tests on the urine of all patients with frank diabetes or 
diabetic dextrose tolerance curves, regardless of the presence or absence of gly- 
cosuria in the fasting state. In patients with thyrotoxicosis the result should also be 
interpreted with care. 

Interpretation. — The normal fasting person will utilize nearly all of the galac- 
tose given in this test and excrete up to a total of 3 grams in the urine during the 
five-hour period. Strongly positive tests (excretion of 6 grams or more) should be 
regarded as indicative of serious involvement of the liver. A markedly decreased 
tolerance is frequently found in hepatocellular jaundice. 

BROMSULPHALEIN TEST 

Principle. — Bromsulphalein (disodium phenoltetrabromphlhalein sulphonate), 
when injected into the blood stream, is rapidly removed by the liver and excreted 
in the bile. 

Procedure (Rosenthal and White). — 1. Weigh the patient and calculate the 
amount of dye required for the test, allowing 2 milligrams per kilogram of body 
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weight. The body weight of the patierijjn pounds divided by 55 will give the exact 
quantity in cubic centimeters of the 5% solution required. 

2. Inject the required amount of the dye into an arm vein, taking 1 minute to 
complete the injection, with care not to infiltrate the tissues outside of the vein 
(a 5% solution is dispensed in ampules by Hyson, Westcotl and Dunning, 
Baltimore). 

3. Thirty minutes after injection draw 5 c.c. of blood from the opposite arm. In 
cases of suspected early liver disease it is algo advisable to obtain an additional 
sample exactly 5 minutes after injection. 

4. Centrifuge and separate serum without delay. 

5. Divide serum into two halves in two lest tubes of the same diameter as the 
color tubes of the colorimeter. To one add a drop of 10% sodium hydroxide: to 
the other add a drop of 5% hydrochloric acid. 

6. Estimate the amount of dye retained by comparing with the series of standards. 
The tube of clear acidified serum is placed behind the standard in the comparator 
box and a tube of water is placed behind the unknown. (A Rosenthal colorimeter 
with standards may be obtained from Hyson, Westcotl and Dunning, Baltimore.) 

Interpretation. — -Thirty minutes after injection the serum of normal individuals 
is entirely free from the dye or contains hut a faint trace. Five minutes after 
injection an average of 35% (20 to 50% ) is retained. Increased dye retention may 
be regarded as evidence of a somewhat proportionate degree of impairment of liver 
function. 


THE TAKATA TEST 

Principles. — The mechanism of the test is not entirely clear. In the course of 
severe hepatic disease, changes in the scrum occur which permit the precipitation 
of mercuric oxychloride from the test reagents, which precipitation is prevented 
by the presence of normal serum. The exact nature of these changes in the serum 
are not known but may be a disturbance in the proportions of the various serum- 
globulin fractions. 

Method. — 1. In each of a row of eight test tubes, place 1 c.c. of normal saline. 
Add I c.c. of serum to the first test tube making serial dilutions of the serum by 
taking 1 c.c. from the first test tube and adding to the second tube and then taking 
1 c.c. from the second test tube and adding it to the third, and so on to the eighth 
tube, from which 1 c.c. is discarded. In this way, dilutions of the serum from 
1 :2 to 1 :256 will be obtained. It is also advisable to have a control lube of 1 c.c. 
of normal saline. 

2 . To each test tube add 0.25 c.c. of 10% sodium carbonate and mix well. Tlten 
add to each test tube 0.15 c.c. of 0.5% bichloride of mercury solution. 

3. Read in one-half hour and again in 24 hours. 

4. A positive reaction is said to result when there is a persistent, dense, felt-like 
flocculent precipitation in at least three test tubes, at least one of which should 
contain the serum in concentrations of 1:32 or higher. As a matter of fact, when 
the reaction is definitely positive, the precipitation is usually present in more of the 
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ibes The exact significance of precipitation in less than, three test tubes is not 
rllv understood but such a result is probably abnormal, and, should be considered 
' ■weakly positive one. A very fine granular precipitation is frequently seen m the 
i"her dilutions and also. in the control, but this is without significance. Very 
oarse flocculi drat frequently form in the first one or two test tubes,, frequently 

edissolve on standing and are without significance. • . . . -J. ■ V 

5. As the test was originally done, a mixture of Solubonam bas.c fuchsm and , 
■icHorido of mercury was used instead of the latter alone. Th.s has been largely 
ibatldoned because the color changes that result have been found to be of no 

Tri?Tahata test is positive in a very high percentage of patients who have. 

idvanced liver disease, particularly cirrhosis. , 4 

7 fThe test can be carried but upon ascitic fluid with the same techmque; and 
the 'results obtained with ascitic fluid have the same significance as those obtamed 
with serum.' ■: 



CHAPTER XII 

METHODS FOR THE EXAMINATION OF FECES 

MACROSCOPIC EXAMINATION 

In the complete routine examination of feces, attention should he given the 
following : 

1. Quantity. The average adult 6tool varies from 100 to 200 grams (3 to 10 
ounces) but is usually around 100 grams. It is much larger (up to 350 grams) 
upon a vegetable diet. 

2. Form and consistency, (a) Hard and scybalous as in constipation; (6) soft 
and formed (norma!) ; (c) mushy or liquid, as in diarrhea; (<f) gaseous (fer- 
mentative) ; (e) flattened or ribbon-like, as in spastic colitis or obstruction, etc. 

3. Color is greatly influenced by diet and drugs: 

(а) Light or dark brown (normal) due to hydrobilirubin 

(б) Yellow (milk diet; rhubarb; senna; santonin; unchanged bilirubin) 

(c) Green (spinach and other chlorophylHc vegetables; calomel; bili- 
verdin) 

(d) Clay (deficiency of bile in jaundice) 

(e) “Acholic” (undigested fat; jaundice) 

(/) Dark red or chocolate brown (excess cocoa or chocolate) 

(g) Black (iron; bismuth suboxide; charcoal; blood) 

(A) Red (undigested blood; beets) 

The “ separation test " for intestinal motility is conducted by giving just before 
one of the meals of the day a gelatin capsule (No. 00) containing 0.2 to 0.3 of a 
gram of carmine or charcoal (former preferred). An inspection is then made of the 
subsequent stools and a note made of the time elapsing between the ingestion of 
the capsule and the appearance of a ml (carmine) or black (charcoal) stool; 
normally this is about twenty-four hours. 

4. Odor, which is normally due to indole and skatol, is greatly influenced by diet 
and disease. The normal odor is subject to wide varations but can usually be 
reported under the following designations: («*) normal; (A) slight; (c) almosL 
odorless; (cf) sour; (e) pungent; (/) putrid; (g) very offensive, etc. Odor is very 
marked in a meat diet, much less so from a vegetable diet and frequently hardly 
detectable in milk diet. 

5. Mucus is very important and should always be reported under the following 
designations: (o) no excess (normal); (6) slight excess; (c) great excess; (d) 
almost pure mucus. It may be mixed with blood, as in dysentery; appear as firm 
bands suggesting tapeworms; occur as brown or black jelly-like masses, or be so 

28 
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; intimately mixed with the stool as to be detected only when it is mixed with water. : ; 

; 6. Concretions are usually to be looked for while washing the stool through a 'V ' 

. sieve With’: water. Gallstones are faceted and, if doubtful, should be examined for 
cholesterin and bile pigments; Artefacts resembling stones may be composed of soap • 

. .i and fats following the ingestion of olive oil, etc. Intestinal concretions (enteroliths) . " \ 

. /are rare. ^Intestinal sand” is usually mucus and occurs as sandlike granules. Fruit 
- .seeds (pears, apples, grapes, oranges) are sometimes mistaken for concretions until 
, . washed and closely, examined. 

*-7i '.Parasites may be readily detected by inspection, but a careful examination 
.requires washing the stool through a sieve. Various artefacts like vegetable tissue 



^£;v.,. , ', -F I G..143i— U ndigested ‘Fiber trow the Center of a Banana Resemeunc a Parasite ■ 

’ ’ GVom Todd and Sanford, Clinical Diagnosis by Laboratory Methods, W. B. Saunders Co.) 

, from poorly chewed celery or “greens,” banana, fruit skins, etc., may lead to errors , 

- ? 1 y ; liasty, incomplete examination (Fig. 143). Segments of tapeworms, round 
; worrns, pin or seatworms are usually easily delected if due care is exercised. The ; 
.'larvae of insects may be found in exceptional instances. 

• , \/ 8. Foods and ciirds may be readily seen or detected after washing through a . 

V)'. sieve. Record as “slight,- moderate or large numbers or amounts. The curds should 
'll ^ described as large or small; tough or soft, etc. 


’ I. ' DETERMINATION OF THE REACTION 

. ."' ^Normally the feces are slightly alkaline when freshly passed; usually they arc 

neutral to litmus paper. An acid reaction is much less frequent and,. when it does, . 

■ occur.commohly follows a vegetable diet. Pronounced dietary changes produce at 

, i . most but minor changes. Infants’ stools are generally acid.- '' 

1. Examine, as soon as; possible after defecation. 

-2. Thoroughly mix the stool and test with red and blue litmus paper. If the 
';v , V stool is hard, mixwith water. . ‘ 

• f : , ' . 3. ; Test with, Congo red paper. , - ; ' ", •• 

■ ; 4. To a water}' suspension add a few* drops of a 1 per cent alcoholic solution of 

- . phehqlphthalein (turns pink if alkaline)., - ' V ^ - 
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DETECTION OF BLOOD 

The presence of blood in the feces in appreciable amounts is often apparent on 
macroscopic examination. It should be noted whether the amount is sufficient to 
change the color of the stool (bright red, reddish, tarry), and some note should 
be taken also of its distribution: partially mixed, evenly mixed, only in streaks on 
the surface, etc. 

When present in microscopic amounts, blood in the feces is termed “occult” 
(hidden) and detected by chemical methods. 

Chemical Tests for Occult Blood. — Principle . — Chemical tests for occult blood 
depend upon the reaction of the iron of the liberated hemoglobin with the reagent 
in question. 

Precautions. — 1. In order to avoid fallacious positive reactions the patient mu«t 
have been on a meat-free diet for not less than 72 hours before the collection of the 
specimen. 

This includes abstinence from fish as well a9 meat and also the elimination of 
broths, soups, etc., made from meat stock. 

2. As the blood may be unevenly distributed it is important to mix the specimen 

thoroughly before applying the test. r 

3. While tests may be applied to the feces directly, the reactions are more 
delicate and the results more reliable if applied to an extract prepared as follows: 

(rt) If the stool contains much fat, extract with ether. 

(6) Mix some of the specimen with water in a mortar. 

(c) Acidify with 50% acetic acid. 

(d) Extract with ether and test the ethereal extract. 

4. It is well to check a positive reaction by one method by the reaction obtained 
with another. The methods following appear in the order of their sensitivity. 

Orthotoluidine Test. — Reagent. — 4% orthotoluidinc in glacial acetic acid. 

Method . — To 1 c.c. of extract (or watery suspension of feces), add 1 c.c. of 
reagent and I c.c. of 3% hydrogen peroxide. 

In (he presence of blood a bluish to bluish-green color develops. 

Phenolpthalein Test. — Reagent. 


Phcnolpthalein 2 grams 

Potassium hydroxide 25 grams 


Dissolve in 100 c.c. of distilled water, add 1 gram of powdered zinc, and heat 
gently until decolorized. The reagent is stable. 

Method. — 1. Make a thin suspension of feces in about 5 c.c. of distilled water 
and heat to boiling to inactivate the oxidizing enzymes. 

2. Allow to cool and to 1 c.c. of reagent add 2 c.c. of the heated suspension and 
then add a few drops of hydrogen peroxide. 

A pink to reddish color indicates a positive reaction. 
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Benzidine Test. — This test is most reliable when. applied to the ethereal extract. 
Reagents.— 1. Benzidine (special for blood tests): . •: ■■■' -'■ ■'=«? 

i ‘ 2. Glacial . acetic acid " , -- *' - V Y- 

* . ■'•' ' 3. . Three per cent hydroghn peroxide ' t \ . , : ' ' . ' : ,/> ... 

if/- ?< ' Metkod.-Pl: _ Prepare the reagent by dissolving a knife-tip of benzidine in 2 c.c. 
{■•I . .. of glacial acetic acid and adding .1 c.c. of hydrogen peroxide: •' ;f ' ; , 

fvi ./! :' ; ; : v 2. Make dsraear of feces on a slide and pour the reagent over it (Wagner) . 

~ : Id the. presence of blood a blue color appears, almost instantaneously if blood is 

... : . present in large amounts. ^ ' ‘ «* " ' - •' 

‘V. ■ .] '-V', t SETECTION- OF TJEOBILIN 

^ / Principles. — 1. The word “urobilin” is here used as a synonym for hydro- . 
: ■’./. . bilirubin and includes its mother substances, bilirubin and the chromogen, ' 

urobilinogen. ' - . , ' •• 

V -2. Owing to constipation and other factors, the amount is subject to variation, 

" ' ' ’ although the total daily output is fairly uniform. - I 

) , Y: 3. Since the mother substance, bilirubin, is a product of hemoglobin, an estima- 

> fion of; urobilin in the feces is an approximate index of blood destruction and *has 

• had a useful application -in differentiating between pernicious anemia and . the 
•v . .secondary, anemias, due to hemorrhage. 

‘ Y4. - Urobilin is absent or greatly reduced in obstructive jaundice and its return to 
the feces is often the first sign of Telief. : ; 

: • * ( Schmidt’s Qualitative Test. — This test depends upon the formation of hydirti- 

' Y bilirubin-mercury with the production of red color. 

. •, ' ,1. Rub xip a small amount of feces in a mortar -with a saturated watery solution . 

. of- mercuric chloride. ' .. 

;YY. ■' Y;2... Transfer. to a shallow white dish and let stand for six to twenty-four hoursY ;V- 

* , ' - v , ' 3. The presence of hydrobilirubin or urobilin is indicated by a deep red color 
, ; YV Yeing imparted to the particles of feces containing the pigment. 

.... Y r Y . If unaltered bilirubin is present, ;a green color is produced through its oxidation -. 

Y • lo-biliverdin. ■ ‘ 1 

- Y,,' (Quantitative Test of WRbur and; Addis. — This method depends upon ex ; - Y 

...traction of hj’drobilirubin .and its quantitative estimation by spectroscopic ."ex-, 

■ ■ amination. ■ ' . ■ . ■ . ' 

v - • Y 1. "CoIIect/all the feces for twenty-foiir hours, keeping them in darkness. 

?-’) ' . '* 2; Grind the whole quantity with water to a. homogeneous paste. • . “ ... 

Y . ■■ 3. -Dilute to 1000 c;c. with tap' water (or to 500 or, 2000 c.c. if the amount 

4’-:' of feces' is unusually small or large); Y S ; ; 

'YY • ; ^ Measure off -25 c.c. and add to this '75 c.c. acid alcphol (alcohol 64 c.c., ;. 

YY : ; concentrated hydrochloric' acid 1 c.c.^ waterY32 c.c.),; /' . • ' 

Y -Y Y Place. in a mechanical shaker for one half hour.- Constant shaJdng'by hand 

■JY Y Tor a similar period will suffice. : * . -V--' • • ' ■; . .. Y' •’ ■ 

Y Y; ,6. YAdd 100 c.cYbf saturated -alcoholic solution; of zinc acetate, and filter. - 

Y7. To 20 c.c. of the filtrate add 2 c.c. of Ehrlich’s, reagent (paradimethyl- . 
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aminobenzaldehyde, 20 grams; concentrated hydrochloric acid, 150 c.c.; water 
150 c.c.)* 

8. Keep in darkness until next day (or nt least for six hours) and examine 
spectroscopically. In the presence of both urobilinogen and urobilin, the absorp- 
tion bands indicated in Figure 141, A and B, will be seen. 

9. Dilute with 60 per cent atcohol, adding a few c.c. at a time, until first 
one and then the other band has entirely disappeared when the slit of the 

spectroscope is wide open, but still 
remains % isible when the slit is partly 
closed. Tlie end point is fairly defi- 
nite after one has established the 
standard upon a series of normal 
stools. It is perhaps best to use an 
unvarying width of slit and to dilute 
until the hands have just disappeared 
with this opening. One maj establish 
uniform conditions as to the thick- 
ness of the layer of fluid, the kind 
and strength of the light, and the dis- 
tance from the light, and then adopt 
a width of slit which gives an aver- 
age of about 6000 dilutions in n 
series of normals. When using the 
“pocket” tjpe of spectroscope, place 
the fluid in a standard serologic tube 
about 12 millimeters in diameter, 
and employ a 60-watt frosted Mazda lamp, placed about 6 inches from the spectro- 
scope, which is mounted upon a temporary stand to insure steadiness. The ejes are 
protected from the light by a cardboard screen. 

10. Calculate separately the number of dilutions necessary to cause disap- 
pearance of each of the absorption bands and add the two together. The calculation 
is based, not upon the 20 c.c. of filtrate used, but upon the 2.5 c.e. of fecal 
suspension represented by the filtrate. The dilution value for the twenty-four-hour 
stool (1000 c.c. of fecal suspension) is then found by multiplying this figure by 
400. When the fecal suspension is made up to 500 or 2000 c.c. the multiplier would, 
of course, be 200 or 800. This final result indicates the number of dilutions which 
would he necessary if all the urobilin and urobilinogen of the twenty-four-hour 
8too! were concentrated in the 2.5 c.c. of fecal suspension examined. 

Example: Suppose that in step 9 the urobilinogen band disappeared when the 
20 c.c. of filtrate had been diluted to 25 c.c., and the urobilin Land when the 
volume reached 30 c.c., then the dilution values for the 2.5 c.c. of feces would he 
10 and 12 respectively and the combined value 10-)- 12 = 22. The total dilution 
value of the twenty-four-hour stool would then be 22 X 400 = 8800. 



A 


B 


Fro. 144.— Absokption Srtcnu 
A, urobilinogen in acid solution with Ehrlich's 
reagent; D, urobilin in acid solution with zinc 
acetate. (From Todd and Sanford, Clinical Diag- 
nosis by Laboratory Methods, W. B. Saunders 
Co., Philadelphia.) 




METHODS FOR EXAMINING FECES 


247 


detection of BILIRUBIN 

1. Place a few top, of concentrated nitric acid in an evaporating dish or open 
filter paper. . . f 

3 fc’KlS* l green, b.ue. violet, red and yellow). 

T, * « Zy be done on a slide and observed under a nucroscopc. 

detection of bile acids 
1. Extract a small amount of feces with alcohol, an 

’ 2 - E\ ap orate the f.ltrate in * with potassium hydroxide 

3. Dissolve the residue in water made .n c ' > 

B °4 Ut Add 0.3 c.c. of a S per cent solution of *™ r °*£ e sides about 3 c.c. of con- 
5. Transfer to a test tube and carefu y r that the temperature 

centiated sulphuric acid. Cool the tube m running 

does not go above 70° C. norithe reaction. Upon slight agitation 

A red ring at the point of contact » a i o Hi 

the contents of the tube assume a reddish color. 

detection of pancreatic ferments 

, ferments— amylase and trypsin— are 

Principles. — Two of the pancrea J] v he detected, 
normally present in feces. Lipase canno - ' duct these lerments may 

■n pan^eatic disease may be of diagnostic value, 

he diminished or absent. 2 ‘ . r amylase in the urine, 

especially in conjunction wit 1 an although that for amylase is the moie 

Tests for both ferments should b f be simulated by erepsin and 

useful of the two. since the action of trypsin m > 

proteolytic bacteria. „ thc cven i ng before die test, limit the 

Securing Specimen of F • ^ ^ ; nema at bedtime, 
patient to a light supper an a = ounc es) of milk. 

, 2. At 7 next morning give < repeat at 8. 

3. At 7:30 give one-half ounce ^ * one . quarter teaspoonful of sodium 

4. At 8:30 give a glass of vater 

bicarbonate. 9 pm in a vessel containing 2 ounces of toluol. 

5. Save all the feces passed 1 * o ^ ^ ^ obtaineds give an enema of 1 pint 

Keep in a cool place. H 

of water. . . . 3000 c.c. with normal salt solution, mix 

6. Dilute thc whole volume of ece= Us(j thc supe rnatant fluid for the 

well, and centrifugalize a portion 

following tests: cent solution of soluble starch as fol- 

, ] < k °“ 
recommended) C "and heat geut.y with constant stirring uutr. dear. 
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2. Place 2 c.c. of this solution in each o! twelve test tubes. 

3. To these tubes add the supernatant fluid from the centrifugalized feces as 
follows: 


No. 1 :L8 cx. 
No. 2:1.6 c.c. 
No. 3:1.4 c.c. 
No. 4:1.2 c.c. 


No. 7:0.6 c.c. 
No. 8:0.1 c.c. 
No. 9:0.2 c.c. 
No. 10:0.1 c.c. 


No. 5:1.0 c.c. No. 11:0.05 c.c. 

No. 6:0.8 c.c. No. 12:none (control) 


Bring the quantity in each tube up to 4 c.c. with normal salt solution. 

4. Place the tubes in an incubator or water bath at about 38 e C. for one half hour. 

5. Fill all tubes with tap water and odd a drop of weak iodine solution to each. 
Gram's iodine solution will suffice. 

If am>lasc is present, the series of tulies will vary from yellow through reddish- 
purple to pure blue, depending upon complete or partial digestion of the starch. 
The tube before the one in which the first definite trace of blue appears is taken as 
the measure of digestion. In normal individuals it is usunlly found to l>e either the 
ninth or tenth tube, corresponding to 30,000 and 60,000 units respectively. 

Test for Trypsin. — The well-known Gross test may be applied as follows: 

1. Prepare a 1:1000 solution of casein as follows: 


Casein (C.P.) 0.1 gm. 

Sodium bicarbonate 0.1 gm. 

Water (Distilled) 100 c.c. 


Boil for one minute, stirring constantly, and cool. 

2. Place 5 c.c. of the casein solution in each of twelve test tubes and add to 
these tubes the same amounts of the fecal suspension, previously filtered, as were 
used for the amylase test. 

3. Place the tubes in the incubator or a water bath at 38“ C. for one hour. 

4. Test for digestion of casein by adding a few drops of 3 per cent acetic acid to 
each tube and mixing gently. Digestion is complete in those tubes in which no white 
precipitate forms, and the tube before the one in which the first definite precipitate 
appears is taken as the measure of proteolytic activity (nearly always the fourth 
tube). The end-point is less definite than in the test for amylase. 

DETECTION OF FATS 

Fats occur as neutral fats, fatty acids and soaps, which may be differentiated as 
follows: 

Acetic Acid Test. — By rubbing up a small portion of the feces in about 36 per 
cent acetic acid, applying a cover slip and heating over a flame until the preparation 
shows bubbles, soaps and neutral fats can be converted into free fatty acids which 
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show as more or less numerous highly refractile bodies and assume crystalline 
structure as the preparation cools. This procedure is often not successful. 


TABLE I 


Test 

Neutral Fats 

Fatty Acids 

Soaps 

Microscopic appearance* 

) 

| Round or ir- 
! regular glob- 
ules; highly 
retractile or 
minute nee- 
dles 

Sheaves of large nee- 
dles or short deli- 
cate curved needles 
which occur in such 
thick masses that 
the shape of the in- 
dividual crystals can 
seldom be made out 

Needles arranged in clusters 
or fans or in short plump 
crystals or scales. In amor- 
phous form as gnarled 
bodies everted like the 
pinna of an ear. Soap crys- 
tals are comparatively 
coarse, as a rule (thick 
short needles or flakes], 
hut may he indistinguish- 
able fiom those of fatty- 
acids 

Heat 

Melted 

Melted 

Not melted 

Ether solubility 

I Dissolved 

Dissolved 

Not dissolved 

Scharlach R * 

Stained 

Crystals not stained. 
Globules stained 

Not stained 

Sudan III* 

Stained 

Light orange crystals 
not stained 


Water 

1 

0 

0 

Sodinm and potassium soaps 
dissolved. Calcium and 
magnesium soaps not dis- 
solved 


* Schttrincli It and Sudan III solutions are saturated solutions in equal parts 70 per cent alcohol 
and m clone 


Quantitative Determination of Fats (Saxon). — The soaps are converted into 
free fatty acids by means of hydrochloric acid, and the material is then extracted 
by shaking with ether. The ether removes the neutral fat, the fatty acids present as 
such, the fatty acids from the soaps, and the cholesterol. The ether is removed, 
the crude fat purified by means of petroleum ether, and the weight of the total fat 
obtained. The fat is then dissolved in benzene and titrated with N/10 sodium 
alcoholate solution, using phenolphthalein as an indicator. The fatty acid is cal- 
culated, from the titration, as stearic acid. 

1. Place about 5 grams (accurately weighed! of thoroughly mixed feces in a 
100 c.c. glass-stoppered graduated cylinder, care being taken not to smear the neck 
of the cylinder. This procedure is best carried out by -weighing a small evaporating 
dish of feces along with a small spatula before and after transfer. 

2. Add 20 c.c. of distilled -water. 1 to 2.5 c.c. of concentrated hydrochloric acid 
(depending upon the amount of the sample) and sufficient water to make a total 
bulk of 30 c.c. Add exactly 20 c.c. of ether, stopper, and shake vigorously for five 
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minutes. Allow to stand a few seconds, remove the stopper, add exactly 20 c.c. ol 
95 per cent alcohol, and again shake for five minutes, 

3. Stand the cylinder aside. The ether, containing practically all of the fat, will 
come to the top as a colored transparent layer. Blow the ether oil into a 200 c.c, 
Erlenmeyer flask, making use of the syphon principle as employed in the wash 
bottle, the submerged end of the delivery tube being bent upward. The thin layer 
of ether which remains is diluted with 5 c.c. of ether, the tul>e slightly agitated, 
and the ether blown 'off. This is done in all five times, care being taken each time 
to wash down the sides of the cylinder. The stopper should al«o be washed. 

4. Twenty c.c. of ether are again added and the cylinder shaken for five minutes 
and set aside. When the ether has nearly stratified, blow it off and wash ns before. 
During the second washing stratification will complete itself. 

5. Using a hot water bath, distill off the ether until no trace of ether remains. 
This is assured by finally bringing the water bath to boil for a few minutes. To 
the residue add 30 c.c. of low-boiling petroleum ether. Stopper with a cork and 
allow to stand overnight. (Petroleum ether for this work should boil below GO” C. 
It should be tested for a residue on evaporation and must be redistilled if such is 
present.) 

6. Filter the petroleum ether solution of the fat, catch the filtrate and petroleum 
ether washings in a tall 100 c.c. beaker which has been previously heated in an 
oven at 100° C., transferred to a desiccator and weighed. Evaporate off the solvent 
on a clean surfaced electric hot plate (being careful not to overheat near the end). 
Dry in an oven at 100° C., cool in a desiccator for twenty minutes and weigh. The 
difference in the two beaker weighings represents total fat in 5 grams of feces. 

7. After weighing, dissolve the contents of the beaker in 50 c.c. of benzol, heat 
almost to the boiling point, add 2 drops of a 0.5 per cent solution of plienolphtha- 
lein, and titrate with on N/10 solution of sodium alcoholatc. 

8. The weight of fatty acids (in terms of milligrams of stearic acid) is obtained 
by multiplying the number of c.c. of N/10 sodium alcobolatc solution by the factor 
28.4. 

9. The difference between the weight of the total fat and the weight of the fatty 
acids is the weight of the neutral fat. 

Note. — In order to facilitate separation of the ether and water it may be desirable 
to put the cylinder in a centrifuge. 

GENERAL MICROSCOPIC EXAMINATION 

1. Prepare a thick suspension by rubbing up a portion about the size of a walnut 
in water (see Fig. 145). This gives a uniform mixture more representative than 
selecting small bits at random. 

2. Place a drop on a slide and cover with a large cover glass (No. 1) for general 
examination. 

3. Place a drop on a slide with 1 or 2 drops of 30 per cent acetic acid (No. 2) 
for muscle, leukocytes and pus. 

4. Place a drop on a slide with 1 or 2 drops of sudan III (No. 3) for fats. 
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5. Place a drop on a slide with I or 2 drops of Lugol’s solution (No. 4) for 
irches. 

6. Examine each microscopically with low and high power with the light a veil 
t down as in the examination of urinary sediments. 

7. In this general examination the following may be looked for (see Fig. 146) : 

(a) Vegetable fibeis and hail's. 

( b ) Connective tissue consisting of coloiless or yellowish llueads which swell 
id become gelatinous in die acetic acid preparation. 



Fic. 145. — Mixing Feces with Water (Benbrook) 


(c) Muscle. If striations are visible, digestion is imperfect. If the nuclei aie 
visible, pancreatic function is absent oi deficient (see Schmidt’s nuclei test). 

( d ) Elastic tissue which generally accompanies connective tissue; outlines more 
definite wi th branching; more distinct in the acetic acid preparation. 

(e) Starch. If undigested the granules are blue on the slide treated with Lugol’s 
solution; i eddish if partially digested. 

(/) Neutial fats. Stain red with sudan III solution; also globules of fatty acids. 

(g) Leukocytes and pus, which are best seen in the acetic acid preparation. A 
few are normal; an excess occurs in dysentery and in other inflammatory states 
masses of pure pus may be seen. In bacillary dysentery Haughwont and others have 
described macrophages consisting of large mononuclear phagocytic cells with 
large vesicular nuclei, frequently containing lemnants of ingested leukocytes and 
erytluocyles. They show varying degiccs of neciosis and may present only circular 
or oval lims with granular debris (“ghost cells”). These macrophages may be mis- 
taken for amebae but can be differentiated by lack of motility and by the character 
of the nuclei. 

An excess of eosinophils may be found in the mucus in the discharges of in- 
testinal allergy. 
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{ h ) Mucus, especially In mucous colitis, dysentery and other diseased slates. 

(£) Erythrocytes, which are Lest seen in the untreated slide. 

(y) Epithelial cells, which show all stages of disintegration and are often un- 
recognizable. A marked excess of recognizable cells' may occur in diseased states. 
(k) Crystals, which ordinarily have but little significance: (1) slender, needle* 



Fie. 146.— General Microscopic Examination or Feces 

(a) Muscle fibers; (6) connective li«Mie; (c) epithelial cells; ( d ) leukocytes; (e) spiral 
vessels of plants; (/, g, h) vegetable cells; (i) plant hairs; ik) triple phosphate crystals; 
< l ) stone cells (after von Jakscli). (From Todd and Sanford, Clinical Diagnosis by Laboratory 
Methods, W. B. Saunders Co.) 

like crystals of fatty acids and soap; (2) triple phosphates; (3) calcium oxalate 
from vegetables; (4) Charcot-Leydcn crystals, especially in parasitic infestmcnls; 
(5) yellowish or brown needles or rhombic crystals of hematoidin after intestinal 
hemorrhages, etc. 

(/) Cholesterin crystals and calcium bilirubinate are occasionally found and 
especially in cases of cholelithiasis. 

Schmidt’s Test Diet. — For a special micro<«cropical examination of the diges- 
tion of muscle, starches, and fats, this test diet is recommended. 

1. Bowels to be evacuated in the morning and stool discarded. 

2. Breakfast of 500 c.c. (about 16 ounces) of milk nnd 50 grams (about 2 
ounces) of toast. Also a gelatin capsule (No. 00) containing 0.2 gram of carmine 
as a “marker.” 

3. Forenoon: 0.5 liter porridge, made as follows: 40 grams oatmeal, 10 grams 

butter, 200 c.c. milk, 300 c.e. water, 1 egg, and salt to taste. 

Midday: 125 grams hamburger steak, with 20 grams butter, fried so that 

the interior is quite rare; 250 grams potato, made by cooking 
190 grams potato with 100 c.c. milk and 10 grams butter, the 
whole boiled down to 250 c.c. 

Afternoon: Same as breakfast. 

Evening: Same as forenoon. 
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Vv 4- Examine stools as soon as carmine appears as described: above. ‘ ' ■ : 

Schmidt's Nuclei Test.— This test is especially designed for. the study of pan- - 
creatic function and consists of: ( 1 ) The administration of a 0.5 centimeter cube , 
of beef or, better, of thymus, tied in a little gauze bag with the test meal. The meat ' 
must have been hardened previously in alcohol and well washed in water. (2) 

; When the bag appears in the feces it is opened and its contents examined micro- '■'/ 
- scopicaRy by pressing out small bits between a slide and cover. A drop of some 
• nuclear stain may be applied if desired. (3)- If the nuclei are for the most part 
; undigested, pancreatic insufficiency may be assumed, since it is probable that nuclei 
can be. digested only by the pancreatic juice. (4) Normally the nuclei are digested, 
provided the lime of passage through the intestine is not less than eight or ten 
hours. Upon the other hand, if the lime of passage exceeds thirty hours, nuclei may 
■ 1 i be. partially digested in the complete absence of pancreatic juice. • ' 

GROSS AND MICROSCOPIC EXAMINATION FOR ANIMAL PARASITES 

In the routine examination of feces for infestation with animal parasites, the fol- 
lowing order should be adhered to: 

1. Microscopic examination for trophozoites and the cysts of intestinal protozoa, 

'/■/ particularly amebae (page 253). 

2. Microscopic examination for ova or embryos of the helminthes (worms), 

. . page 268. 

- - 3. Gross examination of the entire specimen for adult parasites or segments 
Thereof (page 287). 


MICROSCOPIC EXAMINATION FOR TROPHOZOITES AND 

INTESTINAL PROTOZOA 


Amebae. 


Every Routine , examination of the feces for the presence of amebae should 
include: ' 5 . 

(«) Examination of fresh feces for trophozoites, page 253. 

(b) Examination for cysts of amebae, stained and unstained, page 255. 

(c) Culture of the feces for amebae, page 261. 

, The laboratory diagnosis of amebiasis may also include the complement fixation 
uJ test with the patient’s serum. For technique, antigen, etc., see page 261. 

Examination for Trophozoites (Vegetative or Motile Forms) of Amebae. 

— ~1. Collection of suitable specimen: 

, Stool specimen should be collected in a warm, clean receptacle free from water, - 
> / germicide or antiseptics. Patient should be cautioned not .to pass urine with the, ... 

T feces. If the patient is passing formed stool, it is best to collect specimen after , 

■ . .. saline purge, the first or second movement following the purge being most satis- , V 
, .factory. During the active stage of the disease (dysentery) the fluid stool is usually 
, . satisfactory, but better material may.be obtained from ulcerated arehs in the sigmoid . 

collected' through the sigmoidoscope; ' ' - 5 ••••.• - 
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(1) a sealed lube of potassium iodide (10.0131 gms.) ; (2) a glass-stoppered 
bottle of iodine (15 gms.) ; a glass-stoppered volumetric flask (1000 ml.). 



Fic. 118.— Etirnmnu Cotr Cyst Snormc a Larch Vacuole 
(After Army Medical School Collection, Washington, D. C.) 


The ampule of potassium iodide is put into tlie volumetric flask. Add distilled 
water to tbe 1000 c.c. mark. This constitutes a one per cent solution (by weight ) 
of potassium iodide. Add the 15 gms. of powdered iodine to this one per cent 
potassium iodide solution. This constitutes the stock solution, and, after it has 
stood for 4 dajs, a small portion is filtered into a stoppered dropping bottle and 
is ready for use. The filtered solution should be discarded after 10 days, due to 
volatilization of iodine. 


Mayer’s Haemalum Stain Method (after Simmons ). — Of the various stain 
methods devised for the demonstration of protozoa and their cysts, the Mayer’s 
haemalum stain is one of the most satisfactory (Fig. 150) : 


Nos 12, 13, 14 and IS aro Fntomoeba hutoljrtict. Note nuclei with cent 
in 12. 13 and 14, and dark glycogen n»«a in 12 end 13. Jtedium 
12. 13 and 14, and ainnll tile c>Ms in 11. 

Noe. 16, 11 and 18, Entamoeba toll. Note nuclei with e< 

— • — membrane, and absence of the large chremaloidal 


■ntrlcixlly xltuated karyo* 


itolyhri 


in Ibe cyst* 
with indistinct 


I Entamoeba 


Nos. 19 and 20, Emlolunax nana Two and four nucleated cyili 
! No. 21, loti amoeba buUehU\. Note Ucga glycogen tocboIo nod n 

No’s 22 ond 23, Oiardia lamblta Note shape of cysts and presence of axostylc* and parabasal bodies 
as refractive lines Nuclei are four in number and minute. 

Nos 24, 25 and 26, ChUomat'Lr mrenlit Nolo lemon shaped cysts containing n large nucleus with 
eccentrically situated karyosome and refractive fibrils representing cystostomsl structures 

Noa 27 and 28, NIaetocyaffe Aomin It. Kota nuclei situated In the outer wall which encloses a largo 


acuole which 


n elusion 


29, rhvtomirreie Note absence of nuclei. These spores are frequently mistaken for cysts of 
unilamoebii hleloliflira but the absence of nuclei or chromatoidal bodies should servo to distinguish 
them. All figures tro X1675. (From Craig. AmchiaSis and Amebic Dysentery, Charles C. Thomas, 
Springfield. Illinois J 
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1. Quickly smear suitable portions of the material on slides or cover glasses, 
and at once immerse in Scliaudinn’s sublimate alcoboi fixing solution, previously 
warmed to body temperature (37.5® C.) : 

Saturated bichloride of mercury 2 volumes 

Absolute alcohol (or 96% alcohol) 1 volume 

Mix the alcohol and saturated solution of bichloride of mercury, and add 5% 
glacial acetic acid immediately before using. 



Fic. 150.— Tnc Three Common Intestinal Amebae Stained wmi Iron Hematoxylin to 
Snow Structure of Their Nuclei as Described in Table II 

1, Endamotba histolytica with three red blood cells; 2, Endamocla coU, and 3, Endolimax 
nana (X2000). (After Dobell and O’Connor.) 

If the material floats off the slide, it will be necessary to lightly coat the slide or 
cover glass first with egg albumin or scrum before the material is spread upon it. 
Thick preparations should be avoided. Several smears should be prepared, since 
some will stain poorly. 

2. Let remain in fixing solution ten to twenty minutes (10 minutes for vege- 
tative forms, 20 minutes for cysts). 

. 3. For a few minutes (5), rinse the preparation with 50 per cent alcohol to 
remove the sublimate. 

4. Rinse for a few minutes (5) in 70 per cent alcohol with enough iodine to 
give a rich port wine color. 

5. Dehydrate by successively passing through 50, 70, and 96 per cent alcohol. 
Preparations may remain in 96 per cent alcohol until it is convenient to stain them. 




METHODS FOR EXAMINING FECES 


259 


6. Carry the preparations successively through 70. 50 and 30 per cent alcohol, 

allowing them to remain five minutes in each, and then place in distilled 
Water. , 

7. Immerse in the Mayer’s haeraalum stain from 5 to 20 minutes (5 to 10 
minutes for vegetative forms, full time foi cysts) : 

t 

Hematoxlyn crystals 1 gm. 

Sodium iodate 2 gm. 

Potassium alum 50 gm. 

Distilled water 1000 c.c. 

The hematoxlyn is dissolved in the distilled water, and the sodium iodate and 
potassium alum are then added and dissolved. The mixture is then ready for use. 
It should be a deep red color. When it turns brown, and when a precipitate forms, 
it is no longer usable. 

8. Wash gently in running tap water until they appear blue in color. 

9. Dehydrate by carrying the preparations successively through 30, 50, 70 90 
and absolute alcohol, allowing them to remain in each five minutes. 

10. Place in equal parts of absolute alcohol and zylol for five minutes. 

11. Clear in xylol. 

12. Mount in xylol balsam. 

Caution. At no stage of the staining process must the preparations be allowed 
to dry . 

Heidenhain’s Iron Hematoxylin Method. — This method, although more time- 
consuming than the Mayer’s haemalum stain, gives much better differentiation and 
is preferred by many. 

1. Prepare film by smearing a small amount of material on a clean cover glass 
so as to form a thin, moist film. 

2. Without allowing the preparation to dry, fix from 10 to 20 minutes in 
Schaudinn’s fluid (see page 258) by floating the cover glass, film side down, on 
the solution which has previously been warmed (about 37° C.). The fluid may be 
made up in sufficient amount to fill the lower half of a Petri dish. Following the 
period of fixation, the preparation should be turned over so that the film side 
is up. 

3. Drain off the fixative and cover with 50% alcohol, agitating the dish. Repeat 
this process several times to remove all traces of fixative. Drain and 

4. Cover with 70% iodine-alcohol for 3 to 5 minutes. Drain and 

5. Cover with 70% alcohol 3 to 5 minutes. Drain and 

6. Cover with 85% alcohol 3 to 5 minutes. Drain and 

7. Cover with 95% alcohol 3 to 5 minutes. Drain and 

8. Cover with 85% alcohol 3 to 5 minutes. Drain and 

9. Cover with 70% alcohol 3 to 5 minutes. Drain and 

10. Cover with 50% alcohol 3 to 5 minutes. Drain and 

11. Cover with 30% alcohol 3 to 5 minutes. Drain and 

12. Wash in several changes of tap water for 10 to 20 minutes. Drain and 
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13. Cover with mordant for 15 minutes in incubator at 37® C. Note: Belter prep- 
arations may be obtained by allowing tiie mordant to net over night in the in- 
rubator. (If pressed for lime, steam gently for 15 minutes) : 

The Mordant 


Ferric ammonium sulphate 4 gms. 

Distilled water 100 c.c. 


14. Drain off the mordant and wash in several changes of tap water 5 to 10 
minutes. 

15. Drain and place in 0.5% aqueous solution of hematoxylin for the same 
period as u«ed in the mordant stage. 

Hematoxylin (any standard hematoxylin) 0.5 gm«. 

Distilled water 100 c.c. 

Dissolve the hematoxylin in a small amount of 957" alcohol (about 5 c.c'.). 
Dilute to 100 c.c. with distilled water. Let ripen for at least two days before using. 

10. Differentiate in fresh 2% aqueous solution of ferric ammonium sulphate 
(iron alum). Note: This is the most critical step in the whole procedure and mu«t 
lie done carefully by removing the preparation with forceps, dipping into the dif- 
ferentiating solution and quickly rinsing off in a beaker of tap water. The prepa- 
ration should now be examined under the 4 mm. objective of the microscope to 
r see whether sufficient differentiation has been accomplished. If not, the process is 
repeated until the nucleus stands out as a blue-black, with the cytoplasm and 
debris of a gray or bluish-gray shade. 

17. After differentiation, wash in several changes of tap water or running water 
from 20 to 30 minutes. 

18. Dehydrate in graded alcohols: 30%, 50%, 70%, Iodine-alcohol, 85%, 95% 
and absolute. 

19. Clear in xylol (oil of thyme or oil of cloves may be used), 5 minutes. 

20. Mount in balsam. 

Heidenhain's Iron-llematoxylin Method ( Rapid methotl) . — 1. Prepare smears 
on cover glasses or slides; fix in methyl-alcohol for about five minutes and dry 
in the air. 

2. Wash in water. 

3. Mordant in 4% iron-alum (aqueous) for about three hours, preferably in the 
incubator. (In preparing this solution, select crystals of ferric ammonium sulphate 
that ore pure violet color.) 

4. Wash thoroughly in tap water. 

5. Stain in %% ripened hematoxylin for V> hour. (Dissolve 0.5 gm. of hema- 

toxylin in 10 c.c. of absolute alcohol and add 90 c.c. of water. Ripen {ot 2 or 3 
months in sunlight. Process may be hastened by adding 5-10 c.c. of 0.25% 
KMnOt). , 
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6. Wash thoroughly in tap water. 

7. Differentiate in 4% iron-alum until the nuclei are well-defined. Control under 
microscope, washing smears in tap u ater before examination. 

8. Wash thoroughly in tap water, let dry in air. 

9. Mount with balsam and label. 

10. This method may be applied to tissues embedded in paraffin. 

Detection of Cysts by Concentration Method.— -When direct methods of ex- 
amination for cysts aie unsuccessful, it is well, before leporLing specimen negative, 
to use one of the concentration methods as that of Craig 1 : 

1. Emulsify a poition of stool about the size of a pea in 10 c.c. of water oi 
normal salt solution (0.85$ )• 

2. Strain the emulsion into a centrifuge tube through a suitable screen 
or through two layers of cheesecloth. Add sufficient salt solution to fill the 
tube. 

3. Mix and centiifuge at moderate speed for 5 minutes. 

4. With a uide mouth pipet secure the sediment. 

5. Prepare stained and unstained preparations, and examine for cysts. 

Detection of Amebae by Cultural Methods. — No examination of feces for 

amebae should be considered complete without cultuiing the specimen. 

A number of media have been recommended: the Boecke-Drbohlav Locke-egg- 
serum medium (L. E. S. medium), Dobell and Laidlaw medium, Cleveland and 
Collier medium, Tenabe and Chiba's medium, Craig’s medium and St. John’s 
medium. 

The Locke-egg-serum medium, one of the eailiest devised, is still most geneiallj 
acceptable. For constituents and technic of pieparation. see Chapter XVII. 

1. If the stool is solid or semi-solid, select, prefeiably with aseptic piecautions, 
a portion of feces about the size of a pea; or if fluid, the specimen ma> be ob- 
tained v ith a wide-mouth pipet fitted with a rubber bulb. 

2. Inoculate the L. E. S. medium, taking care to emulsify the feces thoioughly 
in the fluid portion theieof by lubbing the specimen against the sides of the test 
tube with a sterile applicator stick or inoculating needle. 

3. Place in the incubatoi at 37.5° C. for 21"hours. 

4. Remove the sediment at the bottom of the fluid poition of the medium with 
a large-mouth pipet. At least 0.1 of a c.c. should be examined. 

5. Place the sediment on a warm slide, cover with a cover glass, and examine 
foi vegetative forms. 

6. A mechanical stage should be used, and every part of the prepaiation ex- 
amined as amebae (organisms) grow quite slowly, and must be searched for 
thoroughly. 

7. If negative results are obtained, place the tube in the incubatoi for a second 
period of 24 hour incubation, at which time a second examination should he 
made. Before considering a culture negative. 3 or 4 preparations should be 
examined. 

1 Craig, Amebiasis and Amebic Dysentery, Charles C. Thomas Co. 
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Aids to Species-Identification of Intestinal Amebae. — Five species of amebac 
are found in the intestine of man: (I) Endamoeba histolytica, (2) Endamoeba coli, 
(3) Endolimax nana, {4) lodamoeba butschlii, (5) Dientamoeba fragilis. 

The first three species are much more common than the latter two. Only the 
Endamoeba histolytica is pathogenic to man, producing amebic dysentery. 

In the life cycle of amebae three forms may be encountered: 1. trophozoites 
(vegetative or motile form); 2. precyst form; 3 cyst form. 

The laboratory diagnosis is established by the demonstration of the trophozoites 
or cysts in the feces. Care must be taken not to mistake Blastocystis hominis or the 
Phycom>cetes for cysts of amebae. The cysts of intestinal flagellates must also 
be differentiated, but are usually not confused due to their characteristic ap- 
pearance. (Fig. 149.) 

A comparative table follows (after Craig) showing the differential charac- 
teristics of the three common amebae of man. (Table II, page 263.) 

Examination of the Feces for Intestinal Flagellates. 

A direct examination of the feces for flagellates may be conducted in the same 
manner as described for the detection of amebac. Cultural methods may be em- 
p!o>ed, as all intestinal flagellates will survive or grow on the Locke-egg or 
Boecke-Drbohlav media with the exception of Giardia intestinalis, which has not 
been successfully cultured on any medium. 

Aids to the Species-Identification of the Intestinal Flagellates.— Tlie in- 
testinal flagellates most commonly encountered in the examination of the feces ore: 
(1) Trichomonas hominis, (2) Chilomastix mesrtili, (3) Giardia intestinalis 
(Lamblia intestinalis ), (4) Embadomonas intestinalis , (5) Enteromonas hominis 
( Tricercomas intestinalis). 

The life cycle of the intestinal flagellates consists of a vegetative or motile form, 
and a cyst stage. The vegetative form rapidly disappears after leaving the body, 
but the mature cyst forms are more resistant and may survive for some time. These 
parasites are considered by most authorities os non-pathogenic, and are found inci- 
dentally in the routine examination of tlie feces. 

The cysts are complex in structure. They are approximately tlie same size as 
the cysts of amebae, and care must be taken not to confuse them. 

A schematic representation of the important characteristics of each is shown in 
Figure 151. 

A brief description of each is as follows: 

1. Trichomonas Hominis . — This flagellate is probably the most common found 
in the intestine of man. It measures 9 to 15 micra. Its habitat is the large intestine, 
and i$ found In the feces, particularly during diarrhea. It may also occur in the 
vagina producing vaginitis. It is pear-shaped, and presents four or more 
flagella, three or more projecting from the anterior end, taking their origin near 
an oval vesicular nucleus. There is an axost>le extending from the anterior end 
to the posterior end projecting as a caudal process. An undulating membrane 
extends along the side and is edged by a flagellary process, which continues 



TABLE II 

Diagnostic Points in the Differentiation of Endamoeba Histolytica, Endamoeba Coli, 

AND EnDOLIMAX NANA ~ 


Endamoeba histolytica Endamoeba coli 


Endolimax nana 


Vegetative or Trophozoite stage. Unstained. 


Motility 

Pseudopodia 


Inclusions 


Nucleus 


Nuclear 

membrane 

Karyosome 


Intranuclear 

chromatin 

Inclusions 


Nucleus 


Nuclear 

structure 


Chromatoidal 

bodies 


18 to 60 micra; average, 
20 to 25 micra 

Actively progressive and 
directional 

Finger-shaped, clear and 
glass-like 

Red blood corpuscles 
when feces contains 
blood; no bacteria in 
fresh specimens 


Invisible 


15 to 50 micra; average, 
20 to 30 micro 
Sluggish; rarely progres- j 
sive; not directional 
Shorter and more blunt; 
less glass-like in ap- 
pearance 

Numerous bacteria, crys- 
tals, and otlier mate- 
rials; no red blood 
corpuscles 

Visible 


6 to 12 micra, average 
8 micra - 

Sluggishly progressive 

Broad and blunt; not 
glass-like 

Numerous bacteria; no 
red blood corpuscles 


Visible 


Vegetative or Trophozoite stage. Stained. 


Delicate; inner surface Thicker; inner surface 
has single layer of lined with coarse chro- 
minute chromatin dots matin dots 
Very small. Usually in Twice as large, situated 
center of nucleus eccentrically 


No chromatin between Chromatin grains between 


karyosome and mem- 
brane 


karyosome and nuclear 
membrane 


Red blood corpuscles; no No red blood corpuscles; 
bacteria in fresh speci- many bacteria and other 
mens material 


Intermediate in thick- 
ness; chromatin rarely 
seen on inner surface 

Large and may be di- 
vided into one large 
and one small mass, 
situated at one side 
or in center of nu- 
cleus 

No chromatin between 
karyosome and mem- 
brane 

No red blood corpuscles; 
many bacteria 


Cystic Stage of Development. Iodine stain 

6 to 20 micra; average 10 to 20 micra; average 5 to 10 micra 
7 to 15 micra 12 to 18 micra 

Generally spherical; may Spherical; rarely oval or Spherical, oval or ellip- 
be oval and rarely ir- irregular soidal 

regular 

One to four; minute One to eight; eccentric One to four; large kory- 
karyosome in center karyosome osome central or to 

one side 


Hematoxylin Stained Cysts 


As in iodine-stained speci- 
mens 

Delicate membrane, mi- 
nute central karyosome, 
no chromatin between 
karyosome and mem- 
brane, minute grains 
on nuclear membrane 


Bar, oval or thick rod- 
like masses; present in 
about 50 per cent of 
the cysts 


As in iodine-stained speci- 1 As in iodine - stained 


Nuclei, number One to four 
of 


mens 

Thicker membrane, larger 
eccentrically located 
kaiyosome chromatin 
grains between nuclear 
membrane and karyo- 
some, and large gran- 
ules on nuclegr 
membrane 

Filamentous or spicular 
with square or pointed 
ends; present in less 
than 10 percent of cysts 

Ono to eight 


j specimens 
Thick nuclear mem 
brane, large central or 
divided karyosome 


Small granular or bacil- 
b'form masses, not 
comparable with those 
seen in the other spe- 
cies 

One to four 
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posteriorly. A small cyslostome is present hut may he obscured by structures in 
the anterior end. See Figure 153. 

The cyst of this parasite has never been demonstrated. The organism is easily 
recognized in the feces with low po^cr objecihe, and is closely related to or 
identical with the trichomonas found in the vagina {Trichomonas vaginalis) and 
in the mouth {Trichomonas elongata ) . In motion the organism is said to have a 
cog-wheel appearance. (See Fig. 152.) 

2. Chilomattix il/esnt'fi.— -This parasite is probably the next most commonly 
found in the intestine of man. It measures 9 to 15 micro. It is sometimes confused 



a. Chitomaslix mesnili; It. ChitoraaMix mesniti cysts c. Trichomonas hominis; d. Embadomonss 
mtcslinalis; e, Embadomonas intestinal!* c}M; f, Emernmonas lirfminis; g, Enteromonas hominis 
cyst; h, Ciardia ime*tinalia; p, Ciardia intestinal!* cyst. (From Beldinp, Manual of Human 
Parasitology.) 

with the Trichomonas hominis because of its similar shape. The parasite is pyriform 
with a tapering spine-like process in the posterior end. There is a large cjtostome 
extending about one third of the length of the body anteriorly. Four flagella are 
present, three projecting anteriorly, and the fourth, which is -longer, extending 
posteriorly. The organism inhabits the large intestine, and is occasionally found 
in the stool. 

The cyst* ate oval in shape, 8*4 micra in diameter. There is a large central 
nucleus and a laterally placed cjtostome. Sometimes degenerate flagella may be 
seen. See Fig. 151. 

3. Giardia lnteslinalis ( Lamblia intestinal is ) . — This flagellate is pear or tennis 
racket in shape, measuring 10x20 micra. The dorsal surface is arched. The ventral 
surface forms a shallow concavity which acts as a sucking disk, and enables the 
parasite to adhere to the intestinal wall. The structures are paired and symmetri- 
cal. Two nuclei are located near the blunt end. Four paired flagella take their 
origin near this point, giving the parasite a quite characteristic appearance. 





Fig. 152. — Trichomonas Vaginalis Donne 


Camera lucida drawing of a typical specimen X2250, a, axostyle, b, blepharoplastic granules. 
cb, chromatic basal rod. cj, cytostomal fiber, eg, chromatic granule.' k, karyosome. n, nucleus, 
u, undulating membrane. (Redrawn from Ifegner.). 



Fig. 153.-— Trichomonas Hojiinis. ' 
(After Dobell and O’Connor.), ", . 
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It consists of a central clear body surrounded by a narrow rim of cytoplasm 
which contains a number of refraitile spots or nuclei. These bodies are often 
mistaken for cysts of protozoa. Their significance is not fully determined. They 
arc not considered pathogenic, and arc seldom re- 
ported unless they arc present in unusually large 
numbers (Fig. 156). 

EXAJiUN'ATlON OF THE FECES FOR OVA AND 
LARVAE OF TIIE IIELMINTHES (FLUKES, 

- TAPE WOBMB AND ROUND WORMS) 

The laboratory diagnosis of the majority of the 
helminlhes is accomplished by finding of the ova 
or embryos in the feces. The finding of even one 
typical ovum is sufiieicnt to establish a diag- 
nosis. 

In the routine examination of the feces for ova, 
the following order should lie adhered to: 

1. Direct smears of the feces. If negative 

2. Examination by a concentration method. If still negative 

3. Examination by culture (when applicable). 

Direct Smear Method for Ova. — l. Place a drop of tap water on a clean 
microscopic slide. 

2. Take a small portion of feces’ from the specimen, and thoroughly emulsify 
in a drop of tap water. 

3. Cover with a cover glass and press gently to produce a thin preparation. 

4. Treat a second portion in a similar manner, substituting a drop of iodine 
solution for the tap water. 

5. Examine under microscope using low* power ocular and objective. 

Note. — The iodine-stained preparation is used to avoid the missing of cysts of 
intestinal protozoa, such as amebae, in the routine examination for ova. 

Concentration Methods for Ova. — Shearer's Method ( Denbrook Modifica- 
tion): — 1. Pick up at least 1 gram of feces using a wooden tongue depressor, and 
place in sufficient water to liquefy it. Do not u«e too much water. 

2. Thoroughly mix the feces with the water (Fig. 157). 

3. Coarse particles may be removed if necessary by straining (Fig. 158). 

4. Fill a test tube or centrifuge tube nearly half full of the fecal mixture (Fig. 
159). 

5. Add to the above an equal quantity of sugar solution prepared as follows: 


Granulated sugar 1 lb. 

Water 12 oz. 


Dissolve the sugar in the water, by Immersing the bottle in hot water. Add 1 % 
phenol as a preservative. 

6. Mix by slowly inverting the tube several times. 



Fic 156.— Blastocystis 
Host inis 

A peculiar structure related 
lo the yeasts found Sn feces; 
stained; X1000. (After Lynch, 
(mm Todd and Sanford, Clinical 
Diagnosis by Laboratory Methods, 
W. B. Saunders Co.) 




Fig. 157. — Taking a S-uipi.e of Feces (Benbrook) 


Fic. 158. — Straining Feces (Benbrook) 
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■ Centrifuge the tube containing the . mixture -for about ‘ three minutes at mod- •- /' 
crate speedy 1500 to .2000 .revolutions ,per minuted Centrifuging may be omitted if . 
the tube is allowed to* start'd twelve . to,' twenty-four hours: ; y.fv'i Mv v,, 

. • 8. Remove , the lube; from the. centrifuge to a test’-.lube holder without shaking., ; ‘ 

9. Lift off the surface layer of. fluid (which .now contains- the; eggs); : from the . ' 
tube, by means of a headed glass rod; prepared as follows;. , • •') y - :'; "• .) 

■/, Heat one end of a 6 inch length of 5 millimeter glass' rod until it- is sbftj enough . . . , , 
.. to be- “headed” against .a cold metal object. The head portion should be.just,-- 
slightly less in diameter than the inside of : the tubes' used (see.Fig. l60) . A heavy 

- glass rod, slightly smaller than the. inside of the tube, may be used: in Jplace .of. 

' : , the headed rod. The rod should be slowly lowered into the tube and the instant . 
full contact is made, with the liquid withdraw the rod; quickly, _ bringing- • with it 
a large-drop., ”, : • ’>-■ J ! 

' 10. Transfer the drop from- the rod to a microscope slide by gently rotating the ■ . 
rod, in the center ’of. the slide. A second or third drop may be added to; the first 
to obtain sufficient material to fill in under a micro cover slide. . ." , , . / 

11. . Carefully lower a micro cover slide on the drop without pressure. 

- -V 12. Examine the slide under the. low power of the microscope. For best results, ... 

bright illumination should be obtained by adjusting the mirror and condenser and; g 
then modified by closing the diaphragm opening. The. microscope should be veiti- . , 
cal, not inclined, and the cover-slide area should be searched, in a systematic 
manner. A mechanical stage is recommended. - \ 

13; When parasite eggs are seen, the high dry power should he used for identi- 
. ficalion. ' . ' - . ■ ' " i ; ‘ 

, Brine-Flotation Method, of Kofoid and Barber . — This method is especially useful - 
when a large number of examination's, must be made, particularly for the ova .of,,.'.- 
. .nematodes and cysts of amebae.’ According to McDonald, it is. unsatisfactory for y 
trematode eggs, which fail to rise to the surface. - y y 

1. A. large fecal sample is thoroughly mixed with about twice , its volume of. .. 
saturated solution of table salt in a paraffined paste-board cup or a small beaker, .. g" 

2. - A~ lightly * compressed; circularydisk. of No.l or No. 0 steel wool about one- . 

eighth to one-quarter inch thick is then placed in, the cup and pushed to the 
bottom. ’This carries down all-coarse particles. \ ,y ' \ y-’ 

3. The fluid is allowed to ’ stand, for .one , hour, during which time the ova rise . 

to the surface.’ . .V - .• ' ... - ; 

4. Finally, the surface film is looped off with a wire loop about one-half inch in . ■; 

diameter, placed on a slide, and examined without a cover glass. The objective v 
should be focused on the surface of the fluid. - 

•Pepper’s. Method for Coricenlraiing Hook-Worm .Ova.~l. Place diluted feces 
on a slide' and allow to remain five minutes. V-. '• ' ; K 

2. Gently immerse the slide in water. ... -,V - • 

3. ■ The ova, which, have settled to the bottom, cling to the slide and are riot 

washed away- ..f 1- ' : , A 
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4, This may be repeated several times. 

5. This method is not applicable to ova other than those of the hook-worm, 
i/et/iod for Concentrating Opcrculated Ova ( after Simmons ). — L Thoroughly 

mix a large sample of feces in 2000 c.c. distilled water. 

2. Allow the mixture to settle for thirty minutes. 

3. Decant and discard the sediment. 

4. Allow the decanted fluid to settle for another thirty minutes. 

5. Again discard the sediment and allow decanted fluid to settle ten minutes. 

0. Centrifuge the decanted fluid at 1000 to 1500 revolutions per minute. The 

operculated ova, if present, will be found in the sediment. 

Cultural Methods. — for Scfiislosomn (n//er Simmons). — 1. Dilute a portion 
of specimen with water in large-mouth sterile test tube or flask. 

2- Allow to stand at room temperature over night. 

3. Examine a drop of fluid taken from directly beneath the pellicle on the water 
with pipet having a large aperture. The miracidia will escape from the egg and 
may be found immediately below the pellicle on the water. 

For Hook-worm ( Modified from Stitt). — 1. Smear a generous portion of 
stool suspected of containing the hook-worm ova upon a filter paper small enough 
to be contained within a Petri dish. 

2. Place two microscopic slides on the bottom of the sterile Petri dish, and lay 
the filter paper containing the feces on top with the buttered surface up. Sufficient 
tap water is added to just cover the filter paper. 

3. Cover and' allow to stand at room temperature for five or six days. 

4. Examine fluid for the hook-worm embryos. 

AIDS TO THE IDENTIFICATION OT TIIE MOKE COMMON OVA 
ENCOUNTERED IN THE TECES OF MAN » 

Operculum. — Large, over 50 inicra, ova do not contain embryo in feces 
Ellipsoidal, rounded at both poles, large size: 


135x80 miern Fasciolopsis buskii 

140 x80 micra Fasciola hepatica 

Abundant in sputum, less frequent in feces, 
medium size: 

95 x 55 micra Paragonimus westermani 

Oval, small size: 

70x45 micra Diphyllobothrium latum 

Small, under 50 micra: 

Ovum widened at nonoperculaled pole, 
giving shape of an electric light bulb* 

29x16 micra Clonorchis sinensis 

No widening at nonoperculaled pole, 

30x11 micra Opisthorchis felineus 


* Belcting, Manual of Human Parasitology, Boston, Mass. 



273 


METHODS FOR EXAMINING FECES 

OvoicI, with slight thickening at oper- 
cular rim, 

29x16 micra. Ilelerophyes heterophyes 

No Operculum. — Wall Opaque. 

Wall thick and smooth 

Ovum elongated 

° * 

Terminal spine 140 x 50 micra. Present 

in urine, rare in feces Schistosoma hematobium 

Lateral spine, 150 x 50 micra .... Schistosoma mansoni 

Minute lateral knob. 85x60 micra. . . .Schistosoma japonicum 
Ovum rounded, with radical striae, 
hexacanlh embryo 
Ovum spherical 

35x35 micra Taenia solium 

33 x 33 micra Echinococcus granulosus 

Ovum ovoid, 35x25 micra Taenia saginata 

Wall Transparent-. 

Wall thick 

Barrel-shaped, clear plugs at poles, Trichocephalus trichiura 

52 x 23 micra (Trichuris trichiura) 

Globular with hexacanth larva, 

40x36 micra Dlpylidium canium 

Wall thin. 

Two to four blastomeres 

70 x 38 micra Necator americanus 

60x40 micra Ancvlostoma duodenale 

Bulge on one side, flat on other 

55 x 25 micra Enlerobius vermicularis 

Three membranes, globular, small hexacanth 

embryo, 40x35 micra Hymenolepis nana 

Wall ornamented. 

Mammillated, brown 

60x45 micra Ascaris lumbricoides 

Ellipsoidal, three embryonic envelopes, 
shallow lozenge-shaped depression, 

90x50 micra - . . .Macrocanthorhynchus 

hirudinaceus 

AIDS TO THE IDENTIFICATION OF THE MORE COMMON 
HELMINTHES OF MAN 

Flukes (Trematoda). 

Flukes are flat, leaf-like parasitic worms, nonsegmented, attaching themselves 
to the mucous membranes by suckers, 
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The oral sucker, located at the anterior end, leads into an 
esophagus which soon divides to form two caeca. The ventral 
sucker is found anterior to the oral sucker, its position varying 
with the species. Ovaries and testes arc present. The vitellaria 
are usually prominent lateral structures. 

Fasciolopsis Buskii, — Habitat the upper intestine of man. 
Infestation common in the Far East, particularly China. The 
fluke is a large oval-shaped organism, 20 to 75 mm. in length, 
8 to 20 mm. in width and 2 to 3 mm. thick, opaque flesh color. 
The oral sucker 5s small. The acetabulum is large and located 
just posterior to the oral sucker. The testes arc branched and pos- 
terior. The vitelline glands are found along the sides of the body. 
Fic. 161.— Fasciola The ova are large, 135 x 80 micra. 

Hep mica X 5. brown in color, oval in shape, with a 
(Wood) delicate operculum at one end. The 

contents are granular without embryo. 

Fasciola Hepatica (Liver Fluke). — This fluke com- 
monly infests sheep and other herbivorous animals. It is 
about 30 mm. in length, and of an opaque flesh color. It 
is rarely found in man (Fig. 161). 

The fluke is leaf-like in shape, anteriorly terminating in 
a projecting cone which ends in the oral sucker. The 
acetabulum is located at the base of the anterior cone-like 
projection. Two-branched intestinal caeca are present. 

The testes and ovary are finely branched. 

The ova arc 140 x 80 micra, operculated and similar to 
those of F, buskii. 

Clonorchis Sinensis (0. endemicus). — This fluke in- 
vades the ducts of the liter of man. The infestation is of 
importance in the Far East, particularly North China. 

The fluke measures 10 to 20 mm. in length, 3 to 5 mm. 
in width. It tapers at the anterior end. Its cuticle is 




smooth and the fluke is almost transparent. The acetab- 
ulum is located one-fourth of the length of the body 
from the anterior end. Two dilated caeca are found. The 
branched testes are located in the posterior third of the 
body. Lobed ovaries in the mid-portion (Fig. 162). 


Fic. 162.—Clonorchis sin- 
ensis. Siiowunc Inter- 
nal Structure 
oj, oral sucker; ph., 
pharynx; i., intestine; rs., 
ventral sucker; of, uterus. 


The ova measure 29 by 16 micra, light brownish color. »•„ vitellaria; or., ovary. 

The shape is said to resemble an electric light bulb with vc *’ cu ^ a scm ‘ na i |s > * ■ 
* , te*tis; er, excretory duct, 

a flattened operculum at the smaller end. Bythima stnatuln, var. /«- 

Opisthorchis Felineu3. — A liver fluke of dog9 and ponica is fint intermediate 


cats, occasionally infesting man. A few cases are found ho«* 

throughout Europe and Asia. The fluke is elongated and S aumlers Co., Philadel- 

resembles C. sinensis. It is 7 to 12 mm. in length. It is phia.) 4 
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differentiated from C; sinensisfby ; the^posterior location ;o£; 
oil either ride^f-anexraji^'duct^^ 

’ Tlie -' ova measure 30 by; 12 micra. and are. similar -to Tlidse of 
Paragonimus Westerxnaiii (Lung Pluke^.— Thi? infe^atio^dis df.r.idipy^^^r:' 'y'.f: 
in tlie Far East and fin Central and .South America , The 

:•» : ^x: ’-djA;eb ■ tirhWn in '.ct»ior;- f 12 by 6 mm.iand ;5: ;mm3n ! ffiickndk.mA^rAdde^'a^ 


l Drown iU Lyiv*, ' ;;-** .-»** A 

st centrally located; The dobed testes ate .located 

• , .IP f - A: if ''dTa>3'';?.»j'd‘ij® 1 ’ V-r 

T: Jtlll :Z-A 
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, . A ir 163 -Ova oe Schistosoma Ha em atobiom with Eos Corpu^r; /inHu^ 

■■}.■.■ tIG \ ■ U v>if ( '. .(Photograph, . X250)-; 

(From. Todd and Sanford, Clinical gnosis by Laboratory Methods, W; B- SmirnlS 

portion on either, side of the excretory duct. The vitellaria extend laleraUy along.!: 

the length of the body.-, .'• " . ■ di, V -''vf-v .v'-^V 

', •;• The ova are operculated, 95 X 55 micra in am. They are most frequently 
> ,he sputum, hut may be swallowed and appear, in the feces. About two.iUtJvts jof .tj.. 

^saiiuteoLrHmiSbbbini (Blood Fluke).- This infestation;^ prihc^ilf 

found in pans of Africa and the Mediterranean basm. This f.u he Vms sex differ, 
hntiatidh hnd is long and round in, shape. Tlie male measures IQ by l5 m.-n. aml hps-, 
Vi'entral groove into , which the slender female, 20 mm. in length Uee- Bot|r tlie ■ ' 
male and female fluke »,c equipped with centra 1 and oral suckers. The male i„ 

■’ onrisiderablv larger in diameter .than, the :female. '"i 

" The ova rridasurt; 140 by' 55 micra in diameter, are oval an^ contain a fairly pvell: 
developed miracidiuih. The ova are. deposited in 1 the. vepous. plexes about the 
hrlniry bladder. -The ova work their Way .through .the tissues, appearpig m the 
urlnePand i:, smaller numbers.!.,:, he. feme The ova are Cmpped with term,,,,,! 

/ slkiommi Annsoni (Blood Fluke). The iiilesuuion is 
; mrk nf Africa and Northern South America. The male fluke pleasures 10 to 1 • 

to 16 :uin.* in lengrh, ami considerably less.in diamef-r 

’The'm'r «.• h-id h: the small vein, u! the intestine, res, -Mil" the feces by pane 


276 


CLINICAL PATHOLOGICAL METHODS 


trating the wall. The ova measure 150 by 65 micra, and contain well-developed 
miracidia. They are identified by the large lateral spine (Fig. 16-1). 

Schistosoma Japonicwn.— This fluke is chiefly 
found in the Far East. The male measures 12 to 20 
mm. in length, the female 15 to 26 mm. in length. 
The female is smaller in diameter than the male. 

The flukes deposit the eggs in the small veins of 
lire intestine and reach the feces by penetrating the 
wall. They arc 85 by 60 micra in size. A wcll-de- 
v eloped miracidium is contained within. A liny 
easily-overlooked spine is present (Fig. 165). 

TAPEWORMS (OESTODA) 

Tapeworms arc flat, long, ribbon-like worms 
made up of a number ol segments. The bead is ex- 
tremely small, about one mm. in diameter, and is 
provided with sucking di«ks, and in some species 
booklets for attachment. The segments develop from 
the head end and became larger as they mature. 

The progtoltids arc segments which are sexually 
mature. A tapeworm might be considered as a colony 
Fic. 164.— Ovum of Sciitsto- of flukes attached end to end, each segment represent- 

soma Mansoni X460 (Mor- j ng corn p]cte sexual unit, and containing both 
testes and ovaries. Nutrition is absorbed directly 
through the cuticle. The size of the worms vary from less than an inch to over 
20 feet. 

Man is the ultimate or definitive host for most tape 
worms, the eggs being passed in the fcce«. These are in- 
gested by animals or fish who develop the encj sted 
larvae in their muscles. Man acquires the disease by eat- 
«%'meat or fish containing the encysted embryos. In rare 
instances he may act as the intermediate host, by ingesting 
tbe ova (somatic tacniasis). 

Taenia saginata (Beef Tapeworm). — T. saginata is 
a very common infestation of man, and is acquired by eat- 
ing beef containing the encysted embryos (Cysticercus 
bovis | . 

The adult worm is from 10 to 25 feet in length, and 
contains from 1000 to 2000 segments. The scolcx or head 
measures from 1 to 2 mm. in diameter. It is pear-shaped, 
and has four sucking disks arranged around the bead later- 
ally. No rostellum or booklets are present. 

Segments . — Mature progloltids are longer than wide, about one-half inch wide, 
and contain a uterus with 18 to 30 lateral brauches. The genital pore is lateral 



Fic. 1 65 .— O vum or 
Schistosoma Japowi- 
cum. X460 (Morris) 
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and irregularly alternate (Fig. 166). These can easily he Seen by placing the 
segment between two slides and examining by transmitted light, with the naked 
eye or a hand lens. 

Ova . — The ova are about 35 micra in diameter, round or oval in shape. The 
outer covering (embryophore) is radially striated. Within is a hexacanth embryo, 
the booklets of which may be recognized as six tiny paired lines (Fig. 167). 




Fio. 166. — Segments of toe Three Large Tapeworms or Man, Showing Arrangement 

of Uterus » 

a. Taenia naginata; U. Taenia solium; c. Diphyllobothruim latum C X5) . (From P. J. Cam- 
midge, The feces oj Children and Adults.) 

The laboratory diagnosis is made by the finding of the ova or segments in the t 
feces. 

’ Taenia Solium (Pork Tapeworm). — T. solium is an important tapeworm of 
man, but less important in this country than T. saginata. Man may suffer from 
both the infestation of the adult form, or, rarely, the larval stage. 

The adult worm is 7 to 15 feet in length, and contains from 800 to 1000 seg- 
ments. These segments are longer than they are wide. The scolex or head is 
globular, and about 1 mm. in diameter, and is provided with four sucking 
disks laterally, and a roslellum. around which are arranged 28 booklets. The 
mature progloltids contain a uterus with 8 or 9 lateral branches. The genital pore 
is lateral and irregularly alternate (see Fig. 166). 

The ova are practically identical with T. saginata. They are about 35 micra 
in diameter, and brownish ih color. The outer covering is radially striated. Within, 
is a small hexacanth embryo (oncosphere) with three pair of booklets. 

Diagnosis is made by finding of the ova or segments, in the feces. When man is 
the seat of somatic laeniasis (the embryo stage) the larvae, the cysliceici cellulosae, 
may he found encysted in the muscles and other organs of the body. The encysted 
larvae measure 5 to 10 mm. in diameter, and their laboratory diagnosis is accom- 
plished by examining excised bits of muscle pressed between two pieces of glass, ' 
as in examination for Trichinella spiralis. 
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Hymenolepis Nana (Dwarf Tapeworm).— This tapeworm is a \cry com- 
mon infestation, particular!) of children. 

The adult worm is smalt, measuring 1 to 2 inches in length, is made up of about 
200 segments. The scolex is \ery tiny, about ^ of a nun. in diameter, has four 
sucking disks laterally placed, and has a rostellum anteriorly. Around it a row of 
from 24 to 30 hooklets are arranged (Tig. 168). 

The mature progloltids are less than a mm. in width. They are identified by their 



small size, three testes to each segment, and an irregular sac-like uterus which eon- 
lajns many ova. 

The ova are rounded or globular in shape, about 40 micra in diameter and quite 
transparent. The light must be considerably reduced in order to reveal this ovum 
under the microscope. A hexacanth embryo is centrally located with three sur- 
rounding membranes. The space between the outer (vitalline membrane) and tbe 
middle (embryophore) is filled with a semi-solid material in which waxy, refractile 
filaments extend from each pole in a most characteristic manner. 

The diagnosis is made by finding the ova in the feces. The segments may be 
accidentally picked up in the microscopic examination, but are too small to be 
detected in the gross examination of the feces (Fig. 169). 

Diphyllobothriwn Latum (Fish Tapeworm). — This tapeworm is of im- 
portance in certain parts of the world where fish is eaten, insufficiently cooked 
or raw. 

The adult worm measures from 3 to 10 meters, 10 to 34 feet in length, and has 
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approximately <1000 segments. The scolex is almond-shaped, about 2 to 3 mm. in 
length, and has two lateral sucking grooves. There is no roslellum and no booklets. 
The mature .segments may be identified by the rosctle-shoped centrally placed uteri 
(see Fig. 266). The segments are wider than 
they are long. The genital pore is in the middle 
of the segment. 

The ova ore 70 by 45 micro. They are oval in 
shape, somewhat brownish in color, and ha\c 
a small operculum. There is no embryo within 
(Fig. 170). 

Laboratory diagnosis is established by find- 
ing the ova or segments in the feces. 

Taenia Echinococcus (Echinococcus 
Granulosus), Dog Tapeworm. — This infesta- 
tion in man depends upon the close association 
between man and dogs in cattle and sheep rais- 
ing countries. When man is infested he becomes 

Fig. 170—0,. or DmoniRIOCEl’IIALC ,hf l.ost for the I»n»lte. iho .dull 

Laths (Wood) sexual phases taking place in the dog. 

The adult worm os found in the dog is small, 
measuring 3 to 5 mm. in length, and consists of head and three segments. The scolcx 
has four sucking disks, a rostcllum and 38 booklets. 

The ova are spherical, about 33 micro in diameter, and are similar in appear- 
ance to those of Taenia solium and Toenia saginata. When the eggs are ingested 




Fic. 171. — Scolices or Taenia Echinococcus most an Hepatic Cyst 
A, portion of a degenerated scolex showing circle of booklets: R, a veil preserved scolcx with 
crown of booklets invaginaled, a common appearance (photographs X250). (From Todd and 
Sanford, Clinical Diagnash.by Laboratory Methods, W. B Saunders Co.) 


by man the embryos produce echinococcic cysts in various organs, particularly the 
liver. 

The cyst is formed from the body of the embryo parasite. It enlarges, and by 
invaginations of the germinal layer, produces daughter cysts within. The«e develop 
secondary and tertiary invaginations, finally forming scolices or heads attached 
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to the wall by a pedicle. The scolices have four sucking disks and a number of 
booklets. Thousands are formed in each cyst (Fig. 171). 

Diagnosis cannot be made from the feces. Diagnostic puncture of the cyst is 
attended with great danger of spreading the infection and of shock resulting from 
the leaking out of cyst fluid. If such puncture be made, however, the diagnosis is 
accomplished by finding the scolices, or in old cysts rvhere the scolices have dis- 
integrated. the finding of tiny chitihous booklets. 

Other diagnostic laboratory methods are complement fixation test, precipitin 
test and intraderma 1 test. 

Casoni Intradermal Test ( after Gay). — 1. Collect, exercising aseptic pieoau- 
tions, hydatid fluid from lung or liver of sheep showing the echinococcic cysts. 
1'\/e fluid should be checked for sterility before use in the test. >■ 

2. Inject 0.3 c.c. of the cyst fluid intracutaneously with a hypodermic syringe 
fitted with a fine needle. 

3. A similar quantity of sterile salt solution should be injected to provide a 
control. 

4. An urticarial wheal surrounded by a zone of erythema appears in 10 to 20 
minutes, followed some hours afterward by a large area of erythema. The reaction 
may last 24 to 72 hours, and is usually accompanied by redness of the area 
and edema of the subcutaneous tissue. 

Dipylidium Caninum. — This tapeworm is commonly found in dogs and cats. 
It occasionally infests man. 

The adult worm is from 4 to 20 inches in length, and is made up of about 20 
segments. The scolex is about mm. in diameter, has 4 sucking disks, and a 
retractile rostellum projecting from the anteiioi end with 3 or 5 rows of spines or 
hooklets. The mature segments are elliptical in shape, and have a genital pore on 
each side. , 

The ova are 40 micra in diameter, slightly oval in shape, and resemble the ova 
of Hymenolepsis nana, except that the hexacanth embryo is much larger, and the 
surrounding membranes are thus closer together. 

ROUND WORMS (NEMATODA) 

The sexes are separate in all the nematodes. They constitute a group of impor- 
tant infestations of man in the United States and elsewhere. 

Ascaris Lumbricoides. — The adult male is about 23 cm. in length and 0.3 cm. - 
in diameter, the female 33 cm. in length and 0.5 cm. in diameter. They somewhat 
resemble the earthworm, although not segmented. They are reddish or yellowish 
in color when freshly passed. 

The ova are easily recognized, measuring 60 by 45 micra, and are covered by a 
coarsely mammillated albuminous covering. Beneath this is a clear transparent 
shell enclosing an unsegmented protoplasm (Fig. 172). 

The laboratory diagnosis is made by the finding of the ova in the feces, -or the 
examination for the adults. 
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cavity. In the hookworm it is much larger, being os long as the entire- diameter 
of the larvae measured at the end of the buccal cavity. 

Diagnosis is made by finding the rhabditifonn larvae in the fresh feces. 

TRICnOCEPHAIiUS TEICIIIUEA (TRICHURUS TBXCIOUBA) 

THE WHIPWORM 

The whipworm is one of the most common intestinal infestations, having a wide 
geographical distribution. It is called the whipworm Ik? cause of the appearance 
of the adult, the thick posterior two-fifths resembling a handle, the remaining 
anterior portion being slender and lash-like. It is chiefly found in the caecum. 
The male measures from 3 to 4 cm. in length, the female from 3 to 5 cm. 

The ova measurb 52 h) 23 micra, and are very char- 
acteristic. The) are brown in color, and have an inner 
and outer shell, with a transparent area between, and 
two knob-like structures at either pole (See Fig. 177). 

TRICHINIASIS 

Trichinella Spiralis. — -This parasite is an important 
infestation in countries in which pork improperly 
cooked or raw is on article of diet. Man acquires the 
disease by eating pork containing the embryos. 

In the intestine the adults mature. The female is 3 to 
4 mm. in length, the male is smaller. In the intestine 
copulation takes place and the female discharges the 
Fic. 178.—' Trichina Spi- erT, bryos. Some enter the lymph spaces and are eventu- 

bvlis Encysted is all) carried to all organs of the body by the blood, 

Muscle (Wood) those reaching the muscles only seeming to survive. 

Here they become encysted, and can be seen with the 
naked c>e as tiny white specks in the muscle. The c>sts arc lemon-shaped, measur- 
ing 400 by 250 micra, and are interposed between muscle fibers. The coiled 
embrjo is surrounded by a capsule which it secretes. A reactionary round-celled 
exudate, with the formation of some fibrous tissue, may form an additional sur- . 
rounding lajer. See Fig. 178. After a time the c)8ts become calcified. 

Diagnosis. — The diagnosis is made by: 

1. Examination of the feces for the adult worms. 

Early during the period of diarrhea the adult parasite may occasionally be 
demonstrated in the feces. 

2. Demonstration of the larvae in the blood. 

During the period of migration of the embryos from the intestine to the tissues, 
they may be demonstrated in the blood. 

3. Demonstration of the encysted embryos in the muscle by tissue biopsy (third 
or fourth week of the Infestation). 

A small portion of the muscle may be removed from the insertion of the deltoid, 
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the head of the gastrocnemius, pectoralis major, or from the lower portion of the 
biceps, and should be divided into two parts. 

The first may be examined in the fresh state by taking a small fragment (about 
1 mm. in thickness) and pressing out between two small pieces of glass or micro 
slides so as to make the specimen translucent (preferably a Trinchina press). 
With a low power lens or microscope the embryo can easily be seen. 

The rest of the tissue should be run through as a routine tissue biopsy and 
stained with hematoxylin and eosin. These muscle sections will likewise reveal the 
encysted embryos. 

4. Intradermal and precipitin tests. 

METHODS OF LABORATORY DIAGNOSIS OF INTESTINAL MYIASIS 

> The larvae of several species of diptera (flies) have been repotted as found in 
the feces. This is the result of ingestion of food containing the eggs of flies. Rarely 
some of the eggs may escape digestion and form' larvae- which are passed in the 
feces. Gastro-intestinal symptoms may develop. The infestation is extremely rare. 
Species of hot flies. Dermatoibia. and flesh or meat flies, Sarcophagga have been 
reported. 

The laboratory diagnosis consists of demonstrating the larval forms, the maggots, 
in the stool. 

Caution. The diagnosis of intestinal myiasis should never be. made unless the 
examiner is satisfied that there has been no opportunity for flies to lay their eggs 
or larvae in the specimen between the time of passage and that of examination. 
The larvae have been known to appear in a remarkably short time. 

EXAMINATION OF THE FECES, GROSS AND MICROSCOPIC, FOR 
ADULT HELMINTHES (WORMS) 

1. Place the entire stool specimen in a suitable receptacle, and add a sufficient 
amount of tap water to make it fluid. 

2. Thoroughly mix water with the stool, and pass through a suitable screen 
(No. 201 to remove fluid. If the fecal matter has been properly broken up, most 
of it will pass through, leaving the worms or segments on the screen. 

3. The material from the screen is now transferred to a clean shallow glass dish 
or tray (preferably with a black bottom) containing salt solution or tap water. 
Against this black background the parasite may- easily be seen by the use of the 
unaided eye. 

(Note. It may be necessary to wash and screen a second time in order to free 
the parasites from the fecal material). 

4. ’ The parasite or segment may now be placed on a microscopic slide, covered 
with a cover glass, and examined with the naked eye or low power scope. 

In examining tapeworm segments and flukes, it is desirable to cover with a 
second micro slide in place of a cover glass. By pressing the two together the 
specimen may be flattened, making il less opaque and thus better revealing the 
anatomical structure within. 
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Clearing the specimen with carho-xylol (25 per cent phenol crystals and 75 
per cent xylol) will also aid. 

5. The specimen is best examined for internal structure by transmitted light. 
Tor details of the cuticle, or in the examination for scolices oF tapeworms (to i 
show hooklets, suckers, etc.) direct illumination or a combination of the direct 
illumination and transmitted light will be found advantageous. r 



Fic. 179 .— Appabatus for the Recovery of me Heads o^Tapeworms 

(From ToitJ and Sanford, Clinical Diagnosis by Laboratory Method}, W. B. Saunders Co.) 

6. In examining tapeworms for the head or scolex, the following procedure 

will be found useful: • N. 

Arrange a second tray or basin containing salt solution or tap water, adjacent 
to the one containing the specimen, ‘which has been obtained by washing and 
screening, see paragraphs 1, 2, 3 and 4 (Fig. 179). — 

7. With two glass rods (about 3 inches long) ns lingers feed the tapeworm into 
the adjacent receptacle, beginning with the larger segments and working toward 
the smaller. 

ft. Proceed in linos way nnti\ the end ©t the worm dt section thereof is reached. 
Examine with a lens to determine if the head is present. If not, proceed with other 
segments until all have been removed from the receptacle. 

9. Carefully examine any remaining material In the tray for the. presence of the . 
head or scolex. ' 

The bead is very tiny, about the size of a pin head (l mm.), the neck and 
adjacent segments scarcely larger than a heavy thread. They can be easily over- 
looked if great care is not exercised. 

The finding of the head is of paramount importance to the clinician since the 
Norm nil! continue to grout as long as the head remains in the intestine. 
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PRESERVATION- OF ANIMAL PARASITES OR OVA IN THE FECES 

Preservation of Worms. — Tapeworms , Ces/odes. — 1. Wash the worm free 
from fecal material and allow to lemain an hour or two in fresh clean tap water. 

2. After washing, place in ten rimes its volume of 3 per cenL formaldehyde. 

3. After twenty-four hours the formaldehyde should be changed for peimanent 
storage. 

Flukes, Trcmalodes. — 1. Wash free from fecal material, and place in 3 per cent 
formaldehyde. 

2. Better results may he obtained by placing the fluke between two slides to 
flatten out, holding the slides together with rubber bands at each end. The slides 
containing the specimen are then immersed in 3 per cent formaldehyde for two 
hours, after which the slides may be removed and the flattened specimens placed 
in 3 per cent formaldehyde. 

Round Worms, Nematodes. — 1. Round worms should be washed free from the 
feces, and at once placed in salt solution, since tap "water will cause them to swell 
up and burst. They should be killed by placing in hot (70° C.) 3 per cent 
formaldehyde. 

2. After they have been killed, by a few minutes’ .exposure to the hot formalde- 
hyde, they are placed in 70 per cent alcohol for preservation. 

Preservation of Feces Containing Eggs of Parasites (after Blacklock and 
Southwell). — 1'. Take a small quantity of feces (about 1 cm. in diameter) and 
mix with sufficient tap water to produce a semi-solid consistency. 

2. Add about 200 c.c. of 10 per cent formalin (about 90° C.). Mix thoroughly 
by Stirling, Allow to sediment for several boms. 

3. Decant overlying, supernatant fluid, and add 200 c.c. of 10 per cent formalin 
to the sediment! 

By this method worms, eggs, larvae and intestinal protozoa are fairly well 
preserved. _ 0 

Shipment of Feces Specimens. — In the shipment of unfixed specimens of feces, 
the following precautions should be taken: 

1. The she of the specimen should not be more than one-tenth of the capacity 
of the containing bottle, so as to allow for the formation and expansion of gases. 

2. The cork should be firmly tied in the neck of the bottle. 

3. The label should have tire name of the patient, with the date passed, and how 
the specimen was obtained (with or without purge). 

Where quantitative examination should be made, lire size of the specimen in 
grams should he given. This may easily he obtained by weighing the specimen 
before arrd after it is placed within the receptacle. 
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METHODS FOR THE EXAMINATION OF EXUDATES AND 
TRANSUDATES 

Principles. — 1. Transudates are the result of noninflammatory processes and 
are usually due to disturbances of circulation with passive congestion and edema. 
The mo«t familiar examples ore pleural, pericardial and peritoneal effusions, the 
last named being called “ascites.” The cerebrospinal fluid is also in part a transudate 
but is separately considered. Transudates are light yellow or serous in appearance 
and sometimes turn yellowish-green upon standing. At times they arc milky or 
reddish and always of about the alkalinity of the blood. 

2. Exudates are the result of inflammatory processes usually due to bacteria! 
infection. As a result they vary greatly in appearance and arc usually richer in 
cells and coagulable materials. They ate likewise usually alkaline in reaction. 
Various types have been classified, as follows: 

(a) Serous: straw color; contains but few cells 

( b ) Fibrinous: yellow; rich in fibrinogen; coagulates 

(c) Purulent: pus of various colors 
- (d) Hemorrhagic: contains blood 

(e) Chylous: contains fat globules; milky 

{/) Chyloid: also milky but contains a complex of pseudoglobulin and 
lecithin with some fat 

(g) Putrid: usually associated with gangrene 

(A) Mixed: combinations of the above are most common 

3. Aspirated fluids should he examined as soon as possible after removal. Small 
amounts are not sufficient for complete examinations including specific gravity, 
cytologic studies and guinea-pig inoculation; at least 150 to 250 c.c. should be 
removed whenever possible. 


ROUTINE EXAMINATION 

Tills usually embraces the following for differential diagnosis, as no one method 
of examination can be used alone; a combination of procedures is advisable. 

1. Appearance. 

2. Specific gravity, estimated according to the method employed in urine analysis. 

3. Presence or absence of partial or complete coagulation and rapidity of 
coagulation. Exudates coagulate more rapidly and completely than transudates. 
The latter may not coagulate at all or show floccult, whereas some exudates 
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(notably those obtained from the lungs by bronchoscopic drainage) may coagulate 
solid or show partial coagulation. 

4. Chemical determinations, especially for quantity of protein. 

5. Examination of cells (cytodiagnosis) . 

6. Bacteriological examination by smear, culture and animal inoculation (in 
suspected tuberculosis) . 

7. Complement-fixation tests in some instances for tuberculosis, syphilis and 
echinococcus disease. 

8. The following table summarizes the usual differential properties of transudates 
and exudates. 


Tests 

Transudates 

Exudates 

Specific gravity 

1.006 to 1.015 (average about 
1.013). Tumor transudates, 
1.018 to 1.025 

Over 1.018, with average about 
1.022 

Coagulation 

Usually absent or slight 

Usually positive 

Protein 

Rivalta test usually negative. May 
be positive after concentration 
of fluid by absorption. 

Under 3 per cent in quantity 

Rivalta test usually positive. 
Over 3 per cent in quantity 

Cytology 

Endothelial cells and erythrocytes. 
Small lymphocytes sometimes 
predominate. Tumor cells may 
be found. Eosinophils may be 
increased after repeated tap- 
pings 

Polymorphonuclcars in acute in- 
fections. Small lymphocytes in 
chronic infections. Eosinophils 
in pneumococcus infections, 
after repeated tappings and 
following artificial pneumotho- 
rax. Erythrocytes usually pres- 
ent 

Bacteriology 

Usually sterile. Staphylococcus al- 
bus from the skin may occur 
irT' cultures 

Smears and cultures usually 
positive for pneumococci, 
streptococci, etc. Tubercle ba- 
cilli in smears and by guinea- 
pig inoculation 

Complement-fixation .... 

| 

Positive reactions in syphilis 

Positive reactions in tuberculosis 
and echinococcus disease 


CHEMICAL EXAMINATION 

1. The protein content is usually proportional to the specific gravity, that is, 
higher in exudates than in transudates. 

2. Exudates usually show about three times as much albumin, globulin and 
fibrin as transudates. Albumin-globulin ratios are not sufficiently constant for 
differentiation. 

3. Nonprotein nitrogen, urea nitrogen, creatinine, sugar, uric acid, chlorides, 
inorganic phosphorus and total calcium usually parallel these substances in the 
blood. In tumor cases the uric acid may be higher than in the blood, probably 
because of increased destruction of nucleoprotein. Cholesterol varies considerably. 

4. Methods of quantitative estimation of these substances are the same as em- 
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ployed for blood analysis. Tor the proteins alone the following tests may bt 
employed for differentiating between exudates and transudates. 

Qualitative Acetic Acid Test (Rivalta). — 1. Place 150 c.c. of distilled water 
in a conical flask. 

2. Add 0.1 c.c. of glacial acetic acid. 

3. Mix thoroughly. 

4. Allow 1 or 2 drops of the puncture fluid to fall into this weak acid solution. 

5. A distinct cloud will.be observed in the wake ol the falling drop if the 
fluid is an exudate. As a rule If the fluid is a transudate no turbidity will be 
noticed. The reaction is probably due to the large amount of a mucin-like sub' 
stance, called scrosomucin, especially likely to occur in exudates. Positive reactions 
may occur with transudates concentrated by absorption or those developing after 
tapping and the production of artificial pneumothorax. 

Quantitative Protein Determination. — 1. The protein content may be de- 
termined by the methods employed for the quantitative estimation of protein in 
urine. 

2. Owing to relatively large amounts of protein likely to be present it is 
advisable to test the fluid diluted 1;2, 1:5 and 1:10 with saline solution. The 
measure of precipitate is multiplied by the dilution factor. 

3. The results show grams per liter. Divide by 10 to obtain the per cent. 

DIFFERENTIAL CELL COUNT 

Cytodia gnosis. 1. Centrifuge fresh (important) specimen of the fluid. To 
prevent coagulation, the fluid may lie collected in a little sodium citrate solution, 
although cytodingnosis* is better made without the use of anticoagulants. 

2. Pour off supernatant fluid and make thin smears of sediment on slides. It is 
essential to use packed sediment in order to secure sufficient cells in smears. 

3. Dry in the air. 

4. Stain with Wright’s or Gicmsa’s stain according to the method of staining 
blood smears. 

5. Count and tabulate at least 100 of the cells. Four types may be present: 
lymphocytes, polymorphonuclears, eosinophils and endothelial cells. Erythrocytes 
in varying numbers are usually present in all fluids. 

Interpretation. — 1. The types of cells found depend on (a) the primary 
etiological factor; (6} the stage of severity of the etiological process; (cf the 
duration of the effusion, and ( d ) the secondary factors and especially the number 
of tappings. 

2. Polymorphonuclear neutrophil leukocytes predominate in acute infectious 
processes, especially those due to the pyogenic organisms (Fig. 180), and may be 
found in early acute cases of serous tuberculous exudates. 

3. Small lymphocytes predominate in chronic processes, especially those due to 
tuberculosis and syphilis (Fig. 181). They may also predominate in some chronic 

.nontulierculous pleurisies, chronic transudates, or even tumor transudates. 

4. Eosinophils may be present but have no clinical significance except to suggest 
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}an allergic origin, of the fluid or. disease; due to. an animal parasite. Serous effusions 
caused by. pneumococci may . contain as high as 10 per cent, eosinophils, and, : 
according to Foord, a frequent : reason for. their presence'is. repeated .aspirations. 




WvmmWmm 

' y . J ‘- ' ■ Fig. 180.— Cvtodiacnosis;:'. : • 

Excess of polymorphonuclears. ' (From Todd and Sanford, Clinical Diagnosis by Laboratory 
Methods, W. B. Saunders Co.) - ; r ‘ . 

when they imay he as high as 75 per cent. Differential cell, counts with smears of 
nasal secretions for esosinophils are helpful in the . diagnosis of allegeric coryza . 
and are . described in Chapter XXXI. 

■ 5. Endothelial cells (Rig;; 182) 
large numbers along with lynipho- 
cytes and erythrocytes are 'usually, 
present in transudates and are largely 
derived from the endothelium lining; 
the large serous cavities' , - ( pleural, "y u. J 

peritoneal, . pericardial) . They ’corn- jg 
monly occur in sheets as well ,;as . , 
singly.'- 1 ■’ '•) 

c t t t , -■ . * . * < * 

- 6. The presence of masses of large ' 
cells, irregular ; in size and shape, - .Kit 
often vacuolated, 
nucleoli. 

ures.As highly : suggestive of malig- : 

nancv, but definite diagnosis is i better vi p, 1 -'LL ‘ ' ' v 

... . ' , ■. P •• iV't- '' ■ • ' Etc. .18 ];— Cytodiaonosis - • 

: made by .sections ot :lhe imbedded ■•••..- - ' , 

r ‘ • r Excess- of -small lymphocvl'es. '-.(From Todd / 

sediment, in winch fragments. . of ; an( , Satlf()r(! ; Clinical. : Diagnosis : by Laboratory, \ 

tumor tissue, especially gland acini -’Methods ;' Saunders Co.) ; V 

in adenobareinomata, can. he- some- V- A- ' - ;/•' y • ' y. r -■ • • • .'••• ; j; •<; . - • ‘ 

times found. Confusion may result in smear examinations wlieii degenerated forms ' 
of large inoiionuclealed • cells, either, serosal desquamations', or cells of other types 
ordinarily .designated as. macrophages. are seen.. . ' y , - - t o-Av. 
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Mandelbaum’s Cytodiagnostic Method for Effusions.—!. Place the fluid in 
a large Erlcnmeyer flask in the refrigerator lor 12 to 18 hours. 

2. Decant the supernatant fluid and transfer the sediment to a SO c.c. centrifuge 
lube which has a tapered bottom. 

3. Centrifuge at moderate speed for 20 minutes. 

4. Decant the supernatant fluid snd discard. 

5. Fix the sediment with 10% formalin for 2 1 hours. 

6. Treat the fixed sediment as a tissue running it through the alcohols and 
imbedding in paraffin. 

7. Cut thin sections from nl>o\c downward to include all of the cellular elements, 
which may not lie either at the tup or the bottom. 

8. Stain the sections with cosin and hematoxylin or iron hematoxylin. Bits of 
malignant tissue may be definitely demonstrated by this method in a large per- 
centage of cases. 



Fic, 182. — Cytooucnosis 


Endothelial cells. (From Todd and Sanford, Clinical Diagnosis by Laboratory Methods, W. D. 
SaunderB Co.) 


Method for the Histological Examination of Transudates (Modified after 
Stanley 1 ) — 1. The fluid should he prepared as soon as possible after removal. 
Irr case of delay, add an equal volume of l6% formalin to fix the cells. 

2. Thoroughly centrifuge a large amount '(250 to 500 c.c.) in 50 c.c. cenlriluge 
tubes. 

3. Wash the sediment from each tube with 10% formalin into a smrfll flat 
bottomed tube (10 c.c. homeopathic vial may be used) and centrifuge thoroughly 
to pack the sediment. Allow to stand for 1 or 2 days and decant the formalin. 

4. Add 70% alcohol for 2f hours and centrifuge. Repeat in same manner with 
95% alcohol. 

5. Add absolute alcohol and place in the paraffin o\en at 55° C. for about three 
hours, changing the alcohol once or twice. 

i Am. /. M. TecK 1936. 2:176. 
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. 6. Remove the alcohol and add chloroform^ Gently loosen the sediment so that , 

it floats. Place in oven for ,30 minutes; • ■ f 

7; Remove chloroform and'mdd paraffin at 55° C. changing every half hour 
for 2% hours.. •' 

8. Allow the last paraffin to harden in the tube in a refrigerator. Then, heat ‘ 

the tube gently to loosen the paraffin slightly and remove- the block (the tube 
may be gently broken if necessary). . - ,> 

9. Trim, mount on block, section and stain. ... - 

BACTERIOLOGICAL EXAMINATION 

1. These methods are described in more detail in Chapter XIX. > / 

2. Cultures should, be made on . blood agar or in. hormone , broth. .Relatively 

large amounts of fluid, like 1 c.c., should be employed. , 

3. Smears of sediment should be stained by the Gram method and for tubercle 
bacilli. 

4. Prolonged microscopic examination is usually required for the detection of 

tubercle bacilli.' , . 

5. In conducting the inoculation test for tubercle bacilli, at least several ounces 
of fluid should be centrifuged and the sediment injected into guinea-pigs. The 
injection of 5 c.c. amounts of fluid may yield falsely negative .results. ■ 



CHAPTER XIV 


METHODS FOR TIIE COLLECTION AND EXAMINATION OF 
CEREBROSPINAL FLUID 

COLLECTION 

1. Spinal puncture for the collection of cerebrospinal fluid may he conducted 
in an office or laboratory, but is better done in a hospital or the home of the 
patient, since it is advisable for the patient to rest in bed for at least eighteen 
hours immediately after the puncture as a safeguard against* spinal puncture 
headache. 

2. The needle should not be too large, in order to reduce ‘pain to a minimum 
and to inflict the minimum of damage to the meninges. Gage No. 19 is about 



Fic. 183. — Spinal Pitnctthe iv the Sitting Postuse 
(From Keen’* Surgery.) 


right, unless acute suppurative meningitis is suspected, in which case No. 15 may 
be used if a purulent and thick fluid is present. The needle should be sterilized 
just before use and should be perfectly straight end sharp with a short bevel. 
Crooked, rusty, dull and unnecessarily large needles are the usual causes of 
failure and the infliction of unnecessary pain. 

3. The sitting posture may be used in the puncture of ambulatory adults, as 
shown in Figure 183, but the reclining posture with the patient lying on his 
?96 
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riglil side (Fig. 184) is recommended, especially if the spinal fluid pressure is to 
be taken. The latter is required in the case of children and sick adults. 

4. The skin should be carefully disinfected with tincture of iodine followed by 
alcohol. The hands of the operator should be likewise carefully cleansed and the 
use of sterile rubber gloves is recommended. The operative field should be protected 
•with sterile sheets and towels. 

5. With adults the puncture can usually be made without an anesthetic. The 
skin may be infiltrated with sterile 1 per cent novocaine or butyn solution 
(Fig. 185) . Struggling children and adults may require a few drops of chloroform 



Fic. 184. — Spinal Puncture in the Phone Position with the Back Well Arched and 

Perpendioh An to the Tabi e 

! 

(From Kolmcr, Chemotherapy, W. B. Saunders Co.) 

as it is dangerous to conduct the puncture under such conditions since the needle 
may be broken. 

6. Puncture is best conducted between the fourth and fifth or between the third 
and fourth lumbar vertebrae. 

7. The “soft spot*’ between the spinous processes is located and the needle 
gently and slowly passed in the middle line. The distance varies according to 
the age and weight A peculiar “give-way” sensation to the needle denotes entrance 
into the subarachnoid space, or during its passage the stylet may be removed 
from time to time to determine whether or not it has entered sufficiently as 
shown by flow of fluid. 

, 8. If pure blood is obtained, the needle should be withdrawn and the needle 
cleansed or the puncture repealed with a fresh peedle. 

9. If there is no flow of fluid the needle may be gently turned or slightly 
withdrawn or entered a little further. “Dry taps” are usually due to the fact 
that the needle has not entered the subarachnoid space. 

10. The pressure (if to be taken) should be taken before the escape of fluid 
(Fig. 186). 

11. Fluid should be collected in two sterile tubes, one of which (No. 2) may 







Frc. 186 . — Measuring Spinal Fluid Pressure with a Mercury Manometer 
(From Kolmer, Chemotherapy, W, B. Saunders Co.) 
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contain a traceApf powdered . potassium oxalate to prevent' coagulation.' From 
3 to 5 ,c.c; may be collected in No. ,1 to be used for. culture and the Wassermann 
test even if it , is. slightly . blood-tinged. A 'similar amount may be collected in 
No. 2 to be used for the total and differential cell counts, protein and sugar 
determinations arid the colloidal tests (gold, mastic or benzoin) . This' fluid should 
be free of blood. A A ' f ' 'A ' • ; - . ; . A ' 

12. The needle is now quickly withdrawn, the’ iodine removed from the skin 
and the puncture sealed with flexible colloidin or with an aseptic dressing.' The 
patient should rest on the back for - at least half ah hour and preferably slay in 
bed for at least eighteen hours ‘.to .reduce the chances of developing spinal puncture 
headache, which . is believed to.be due to the continued leakage of -spinal fluid into 
-the epidural space (hence . the advisability of Using as small a needle as possible 
and of reaching the fluid at the first puncture) A: A) : A r/'- ' 

ORDER OF ROUTINE EXAMINATION 


When Meningitis is Known or Suspected.~if. Record physical character- 
istics (color, transparency, coagula and sediments). v r / '• ’ - 

2. Then make a culture before any. chances of contamination occur. Inoculate 
media (blood agar; glucose hormone broth, etc. ) with at least 0.5 and preferably: 

1 c.c. . . . ,• A ’ A. 

3. . Shake .well and do total cell count. A . . 

4. Centrifuge and prepare smears of sediment for; cytological examination; stain 
smears by Gram method for meningococcus, streptococcus, Apnerimococcus, B. 
influenzae or other organisms. .Stain smears for tubercle bacilli if . tuberculous 
rrieningitis is suspected (also smears of coagula and inoculate guinea-pigs). 

5: With supernatant fluid conduct tests for protein, sugar and chlorides (if 
requested). • • A.- r ' ' . A \ A; 

, 6. Report the findings at this point. A A- . A 

; 7. Follow with a report on the cultural findings. A colloidal gold test may. be 
conducted but- is not necessary. The Wassermann reaction is not required). ' 

When Syphilis is Known or Suspected,-^!. Record physical appearance. V A ; - 

2. .Make an accurate total cell count- as. soon as possible. A differential is not ■ 
ordinarily required. • - A' . : ' ’ , a A -A -a'- ' A;--. 

3. Conduct a qualitative test for protein.. (Paridy preferred)..: A .'A', 1 ''-'A.'' 

4. Conduct Kolmer-Wasser mann or -Kahn tests. A - \A ; A ■ ’’ '• ' A A A • . ; 

5. Conduct colloidal gold (preferred) , mastic, , or -benzoin tests. . -•') v ; ' v -.i A - 

6. Bacteriological examination 's not required.. A A v - ..- 1 ‘ A- : 

When Acute Poliomyelitis or Encephalitis Are Known of Suspected. — A 

A .1. Record physical appearance.' A'A- A., -A A.'"’’ A- -A -A : • ‘'A,. ■ 

2. Make accurate total ‘cell count as soon aspossible. A; . '< - > ‘Aa'v'AA 

3. Centrifuge thoroughly; and make cytological examination of sediment. . A, A A,- V 

■ 4. Test supernatant fluid for protein arid sugar. A' A' ‘‘A ■'*> A ' ■' A' A /’A". A A A’ 

5. Bacteriological and Wassermann tests. are not ordinarily required.-* A * ., .A' ' ' 
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GENERAL PHYSICAL EXAMINATION 

1. Color, — -Normal spinal fluid is perfectly colorless like distilled water. Color 
may be recorded as follows: 

(а) Colorless 

(б) Yellow or yellowish (xanthochromia 1 due to altered hemoglobin, 
jaundice or such drugs as acriflavin 

(e) Red or reddish (erjthrochromia) due to blood or hemoglobin 

(d) Greenish, grayish, etc., in meningitis 

2. Transparency. — Normal spinal fluid is perfectly clear and transparent like 
distilled water. A single drop of blood in 5 c.c. may, however, render it opalescent. 
A classification may be made os follows: 

(а) Perfectly clear 

(б) Faintly opalescent (delected by viewing tlie tube against a black 
background) 

(c) Distinctly opalescent 

(<f) Faintly turbid 

(e) Markedly turbid 

(/) Purulent 

3. Coagula and Sediments. — Normal spinal fluid does not coagulate. In acute 
and chronic meningitis or passive congestion, fibrinogen may be present, which 
changes into fibrin with coagulation after standing. The following terminology 
is recommended: 

(а) No coagula 

(б) Numerous small coagula (as in paresis) 

(c) “Cobweb” or “pine-tree” coagulum (typical of tuberculous menin- 
gitis) 

( d ) Heavy sunken coagulum and sediment (as in acute suppurative 
meningitis) 

4. Specific Gravity. — This is not usually included in an ordinary examination. 
The normal varies from 1.006 to 1.003. It may be token by the methods described 
for the specific gravity of urine. 

5. Reaction. — Normally the spinal fluid is slightly alkaline with a pH of 
about 8.11 as compared to 7.6 to 7.8 of the blood. The reaction is not generally 
taken as part of a routine examination. 

6. Freezing Point. — Normally from — 5.51® to —5.58° C. Not usually taken in 
routine examinations. 


TOTAL CELL COUNT 

Principles. — 1. Whenever possible the total cell count should be made imme- 
diately after the collection of fluid while the cells are in suspension and before 
coagula have formed. If there is no excess of fibrin, so that coagulation does not 
occur, counts made some hours later or next day are fairly accurate, providing 
the fluid is well shaken to secure an even resuspension of cells. By collecting fluid 
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in a tube; carrying a minute ‘ ' c -< *>!»«' & 

coagulation is prevented and 

those made immediately' after — * ...... • v- y 

2. . Great care in technic and accuracy are recommended because ijhe. total ,6elL~y; 

. ' ' — Ann* J mmhLI n /1th' /rnnoli/i .«Vn lit A in'iotfnfltllQ h^1lflVflnlPl f lflr 




teclable only by accurate counts. When there is a considerable "incrMsi^^oL^taliyj 

cells, as- in. the. different 'types of acute suppurative and 

tuberculous meningitis, ' slight errors . in ; counting have ho. •> 

particular, influence upon diagnosis.. ;•"./* *• ‘jy;--‘yA 

3. Spinal fluids-, containing ■visible, amounts of blood 

are. unfit for total, cell counts because of .the presence of V 

leukocytes resulting in counts that are too high. Traces of... ,; 

blood too small for. baked eye. detection also increase the -I 

-count very slightly hut probably not to the point. Where /; ,BHI 

the error seriously:;intcrferes.witli diagnosis., v '. .V v*n ”^77.. 

' -•■•••• ‘ 1 Fic.l87.-PncHs-.' 




than 3 c.mm. \ v. 


2. Draw diluting fluid to the mark ! in the THoma •brVsTJr^ner/leulcbcyi^*’^ 
. counting pipets; dra wspihal fluid to the mnfk.bl.'. Vj 

. ' y > - . /, ■/<!■:. DiLuxiw/'Fubp-^. "y ''b:> 

' '• '■ , A Crystal violet" . : . V. •' 6^2..grm, '^'V. 

.. ' : '£ V : • •' '.Glacial acetic acid - >Y. ; . ,v . ... 'VY . . ' 1<3.0 \ c.c.y- !; 

• -\ j-’ s •’> v Water (distilled) V Yr. Sw.yC*-.-: 1 -' 90.0 c.c.- -= .*•/' 

• f.',; .. .■'X-bFilter.ShpuId.be'mrystaV clears and freb of .artefacts.'. &"i 

. .. 3. Shake well, as in leukocyte counting arid discard'2 pr.3 drops. :,/- - '-: 

4. Fill llie chamber as in lcukocyte counting -aiKl w-ait .five nHnutesidr thc.cells. ! 

■ 'f’nffl/j-' 'o . ’ f. . r ' V\» '\ ' 'l.i Tv' i>. v - 'Y ‘ . 


•<to settle; 

-;j. - 5. Count all of ihe.c^ls derydn-ocytes alb: hcniplyzed), in tiip.bntire.ruidd-off area* ’ 

and divide by 3.5'io give the number of cells 'for. p.nr.h ciihin mtliitnprpr n f 
fluid. The 

: error due; to dilution. 


le by-- 3.5- to give the number, of cells Tor each cubic millinietdr of spinal 
e error incident to this-calculation is; practically.bidanced'by the oppositc 
3; tb. dilution. IT'-,- \ i .- i .-f.r's ..X-tv.; 

. : D Fuchs-Rosenthal '. chamber iS’ bot available, ihe .ordinary lenkocyle ' 

counting, chamber may •••be; used, iln this case cobiit' -tihe'/ceHs' in the entire ijuied off . 
area .fQdarge squares. or O.O c.inm.i t divide by 8 aiid nm]tiply by I0. This calcula- 
- l 1011 compensates (orthd dihitidn factor arid giTCsrthe total celk per cubic^ iniliimetef'.',- 
;of fluid. r; 'p/V f/.; X 

7 ."Totalj 3 .ell counts ate inter|ireied as follows b 'y\v- 1- */ ‘ •■ ' ' ; .L -T 

’ , , ' ■ Normal: 6 to 8 per c.nimj' undiluted 'fluid : v ’. 7 ' 

. - ; - Border line: 9 to 12 f 
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Slight increase: 13 to 30 per cm undiluted fluid v 

Moderate increase: 31 to 100 per cm undiluted fluid 
Great increase: hundreds to thousands per c.nim. undiluted fluid 

DIFFERENTIAL CELL COUNTING AND CYTODIAQNOSIS 

T. Centrifuge fresh specimen of fluid. 

2. Pour off supernatant fluid and make thin smears of sediment on slides. Or 
tease out coagula on slides. 

3. Dry in air. 

4. Stain with Wright’s stain previously diluted with one-third its volume of pure 
methyl alcohol or with a weak aqueous methylene blue stain. 

5. Count and tabulate cells (lymphocytes, polymorphonuclcars and endothelial 
cells) and determine the number of each variety per 100 cells. 

6. Normally, only lymphocytes and occasional endothelial cells arc found. 

7. In acute suppurative meningitis due to the pneumococcus, meningococcus, 
streptococcus, etc., polymorphonuclear cells predominate in acute stage. 

8. In tuberculous meningitis, small lymphocytes predominate (usually). 

9. In acute anterior poliomyelitis, polymorphonuclears early; later small 
lymphocytes (usually)- 

10. In syphilis (paresis, tabes, etc,), small lymphocytes predominate. 

11. In meningismus (serous meningitis or acute meningeal congestion), endo- 
thelial cells predominate. 

QUALITATIVE DETECTION OF PROTEIN 

Principles. — 1. Normally the spinal fluid contains from 15 to 40 milligrams o! 
protein per 100 c.c., with an average of about 25 milligrams or 0.025 per cent. 
This is largely in the form of serum globulin. Slight differences occur according to 
the location or level from which fluid is taken. 

2. A large number of tests have been devised for the detection of an increase of 
protein in spinal fluid. Most of these have been for the detection of the globulins, 
but practically all react to some extent to serum albumin. Some were originally 
considered specific for syphilis of the central nervous system hut none are pathog- 
nomonic for syphilis or any other disease; they merely delect an increase of protein 
(mostly globulins) which is always pathological unless the cerebrospinal fluid 
contains sufficient blood to yield positive reactions. 

' 3. None of these tests, therefore, are applicable to cerebrospinal fluids containing 

macroscopic amounts of blood. Heavy bacterial contamination may likewise yield 
falsely positive reactions. 

Pandy's Test. — 1. Place about 1 c.c. of phenol reagent in a test tube. 

For preparing the reagent, place 100 c.c. of pure carbolic acid (melt crystals by 
standing bottle in hot water) in a bottle and add water up to 1000 c.c. Shake 
vigorously and stand in incubator for several days. Carefully pipet off supernatant 
fluid or use it direct from the bottle without disturbing the layer of acid. 

2. Add 1 drop of fluid to be tested. 
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3. If there is an increased amount of protein, a bluish white ring or cloud is 
immediately formed. Normal spinal fluids often show a very faint trace of globulin 
by this test which should not be mistaken for a positi\ e reaction. 

Ross-Jones’ Test. — 1. Place 1 c.c. of saturated ammonium sulphate reagent in 
a test tube. 

The reagent is prepared by placing 8!x grams of Merck’s purified and neutral 
ammonium sulphate and 100 c.c. of distilled water in an Erlenmeyer flask; heat to 
boiling until all of the salt is dissolved. Cool slowly and filter. 

2. Overlay with 1 c.c. of the fluid to be tested. 

3. The appearance of a turbid ring at the point of contact — in a few seconds — 
indicates positive reaction. Noimally a ring may appear within 5 minutes to 3 
hours. 

Nonne-Apelt’s Test. — Phase 1 for Globulin. — In a small test tube place 2 c.c. 
of spinal fluid and 2 c.c. of the ammonium sulphate reagent (see above). Allow 
to stand three minutes. Compare with spinal fluid. A normal fluid gives no reaction 
or but a faint opalescence. 

Phase 2 for Albumin. — Filter contents of lube just prepared; acidulate with 
acetic acid and boil. A normal fluid remains clear or but faintly opalescent. 

/ Tryptophan Test for Tuberculous Meningitis. — 1. This simple test Is said to 
be of helpful diagnostic aid. 

2. Place 2 or 3 c.c. of spinal fluid in a small lest tube. 

3. Add 0.5 to 0.8 c.c. of concentrated hydrochloric acid and 2 or 3 drops of 2 
per cent formalin (1 c.c. of formalin and 10 c.c. distilled water). 

4. Shake the tube and allow to stand for 5 minutes. 

5. Carefully oveilay with 2 c.c. of 0.6 per cent solution of sodium nitrate. 

6. Allow to stand for 2 or 3 minutes. 

7. In tuberculous meningitis a violet ring may develop at the line of contact 
(positive reaction). A negative reaction is show n by a brown ring, or the absence 
of any colored ring. 

/Levinson Test for Tuberculous Meningitis. — This test is based upon the prin- 
ciple that a ehai acteristic ratio may be obtained between the alkaloidal precipitate 
formed by sulphosalicylic acid and the metallic precipitate formed by mercuric 
chloride in tuberculous meningitis. While positive reactions are indicative of this 
infection, they are not specific. 

1. Into each of tw r o small test tubes of uniform length and width place 1 c.c. of 
cerelnospinal fluid. 

2. To one add 1 c.c. of a 3% solution of sulphosalicylic acid (C.P.) in water 
and to the second 1 c.c. of a 1% solution of mercuric chloride (C.P.) in water. 

3. Allow to stand at room temperature for 24 hours when the sediments are 
measured and compared. 

4. Under normal conditions the sediment in both lubes is very slight. In all 
suppurative meningitides, the height of the sediment in the sulphosalicylic acid 
tube is very heavy, often being three times the size of the sediment occurring with 
mercuric chloride. In tuberculous meningitis (rarely in other conditions) the op«™- 
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site occurs, the precipitation with mercuric chloride usually being three times ns 
high as that obtained with sulphosalicylic acid. 

The two precipitates arc of a different character: that of the acid is heavy and 
compact and starts to form immediately, while that of the chloride is light, feather j, 
and forms slowly. Sometimes the precipitate does not come down into a compact 
sediment, as small flocculcs may become adherent to the walls of the test lube. 
Under these conditions it is advisable to gently shake the lubes 2 or 3 hours before 
making the final readings. Tor diagnostic purposes it is not the amount of protein 
thrown down in the two precipitates, but the relative height of the sediments in 
millimeters in the tw*o tubes. 

If no precipitate forms, use a 2% mercuric chloride solution, and a G^a sul- 
phosalicylic acid solution. 

QUANTITATIVE ESTIMATION OF TOTAL PROTEIN 

Esbach's Test. — 1. Make the test in the same manner as described for urine, 
except that the following device is recommended for the smaller amounts of spina] 
fluid (Lundeberg in Simmon’s Laboratory Methods of the U. S. Army) : 

2. A narrow’ test tube, or large glass tubing, sealed at the bottom, and measuring 
about 5 mm. in diameter, is strapped with adhesive tape to the side of an Esbach 
albuminometer tube. Spinal fluid is poured in to opposite the U mark and the 
reagent (trichloracetic acid, 10 c.c.; distilled water, 90 c.c.) to the R mark. 

Method of Kingsbury, Clark, Williams and Post. — 1. Place 2 c.c. of spinal 
fluid in a tube measuring *4 by 4 inches. 

2. Add 3 c.c. of 3 r /t sulphosalicylic acid Bnd mix thoroughly. 

3. Allow to stand for 5 minutes and compare the degree of turbidity with that 
of the pennanent standard tubes. A Clark lamp aids the reading . 

4. The standards may be prepared as originally described (see page 138) 
(/. Lab. & Cin. M., 1926, 11; 981) or secured from the Fales Chemical Company, 
New York. They keep for some years, although they should be checked from time 
to time for accuracy. The normal total protein by this method is usually "about 
30 mg. per 100 c.c. 

Sicard-Cantelouble Method. — This method employs a glass tube of 7 milli- 
meters inside diameter, 19 centimeters long, graduated in c.c. to 4 c.c., the lower 
2 c-c. being further graduated in 0.2 c.c. The method is as follows: 

Place 4 c.c. spinal fluid in the tube, heat to 60“ to 80° C., and add twelve drops 
of 33 trichloracetic acid. After five minutes imert a few times. Let stand 
twenty-four hours, and read quantity of sediment precipitation: 


1st graduation 0.22 gram protein per lifer 

2nd graduation 0.10 gram protein per liter 

3rd graduation 0.56 gram protein per liter 

‘1th graduation 0.71 gram protein per liter 

5th graduation 0.85 gram protein per liter 


The normal does not exceed 0.30 gram per liter. 
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QUALITATIVE DETECTION - OF SUGAE 

Principle. — 1. formally the cerebrospinal fluid contains from 0.050 to 0.060 
per cent of sugar (dextrose) which may be absent in acute suppurative meningitis 
and reduced in chronic meningitis (tuberculous and syphilitic) . 

2. Ventricular fluids aie likely to contain slightly more sugai than lumbar fluids. 

3. Since spinal fluid sugar varies according to the blood sugar, the fluid should 
be drawn after fasting overnight and compared with coincident blood sugar deter- 
minations when quantitative determinations are to be made. 

4. Qualitative test with the Benedict reagent is essentially similar to the tests , 
for sugar in the urine except that the reagent is diluted and slightly larger amounts 
of fluid are employed. 

5. If the fluid being tested contains an increase of protein and an absence of 
sugar, the color of the reagent may be changed to a deep purplish-violet or pinkish- 
violet (the biuret reaction with copper) . 

6. Since blood sugar will give positive reactions, spinal fluids containing macro- 
scopic amounts of blood are unfit for testing. 

Procedure, — 1. In a test tube place 0.5 c.c. of Benedict’s qualitative reagent and 
add 4.5 c.c. of distilled water. 

2. Add 1 c.c. of cerebrospinal fluid. 

3. Boil for one to two minutes and allow to cool. 

4. A change of color to turbid greenish-yellow is a normal reaction for the 
normal sugar of spinal fluid. No color change shows an absence of sugar and is 
pathological. An excess of protein may give a biuret reaction as mentioned above, > 

QUANTITATIVE DETERMINATION OF SUGAE 

Principle. — Any proteins present are precipitated by tungstic acid and determi- 
nation is carried out by the Folin-Wu method, using a 1:5 dilution of filtrate. 

Procedure. — 1. With a 1 c.c. pipe! transfer 1 c.c. of cerebrospinal fluid to a 
clean, dry lest tube. 

2. Add with a pipet 3 c.c. distilled water. 

3. Using a graduated 1 c.c. pipel. add 0.5 c.c. 10 per cent sodium tungstate. 

4. Add 0.5 c.c. of two-thirds normal sulphuric acid. 1 

5. Mix well and let stand five to ten minutes. 

6. Filter. 

7. Pipet 2 c.c. of the clear filtrate into a Folin-Wu sugar tube and proceed as 
with blood (see page 728). 

8. Calculation, using standard I : 

20 

— X 50 ~ niilligiams dextrose per 100 c.C. fluid 

9. Pipet and test tubes should be absolutely clean and dry or error will be large. 

10. It is advisable to make a blood sugar determination at the same time. 
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after preparation and then tested with a known positive spinal fluid (paretic pre- 
ferred) and a known negative or normal fluid. The former should give a typical 
Zone I or paretic reaction like 5551321000 and the latter a negative reaction like 
OOOOOOQOQO. The spinal fluids may be kept in a refrigerator for at feast a month. 

If a positive spinal fluid is not available the reagent may be tested with a 
standard solution of globulin by the method of Kreidler and Smalt as follows: 

1. Prepare a 1:400 solution of edcstin (H.P., Pfanstiehl) by dissolving 0.25 
gram in 100 c.c. of 10% sodium chloride solution. After standing about two hours 
with occasional stirring filter and adjust the volume to 100 c.c. When kept in a 
refrigerator at 6 to 8° C., this stock solution will keep five to six months. 

2. For use, dilute 1 c.c. with 21 c.c. of distilled water which gives a 1:10,000 
solution of edestin in 0.4% sodium chloride. It is essential to prepare it before 
each titration. 

3. Arrange a series of six test tubes. Place 0.1 c.c. in No. 2 and 0.2, 0.3, 0-4 and 
0.5 in the remaining four tubes. 

4. To each add 5 c.c. of colloidal gold reagent, mix and allow to stand for 18 
hours at room temperature. 

5. if the reagent is satisfactory the fourth lube carrying 0.3 c.c. of edestin 
solution will show a ‘*4” reaction and the first tube (without edcstin) a “0,” The 
usual readings in the six tubes are 0, 1, 2, 4, 5 and 6. 

6. If No. 4 gives less than a 1 reading and precipitation is incomplete in tubes 5 
and 6, the reagent is not sulficiently sensitive and acid must be added. If No. 4 
gives a 5 reading, the reagent is too sensitive and alkali must be added. In order to 
determine the proper amount of acid (or alkali) required for adjustment, 8et up a 
titration as follows: 

(a) Arrange 5 test tubes and place the following amounts of N/1000 hydro- 
chloric acid (or N/1000 sodium hydroxide) : 0.1, 0.2, 0.3, 0.4 and 0.5 c.c. In 
rare instances it may be necessary to extend the titration series to more than five 
tubes, increasing the amounts of N/1000 acid (or alkali) by 0.1 c.c. in successive 
tubes. 

(b) Add 0.3 c.c of the 1: 1000 dilution of edestin and 5 c.c. of colloidal gold 
reagent to each tube. 

te) Allow to stand about ID hours at room temperature. 

(d) A typical reading is 3, 4, 4, 5, 5. Tlie tube containing the smallest amount 
of acid (or alkali) yielding a 4 reading indicates the correction to be made. In 
the above typical reading, the adjustment necessary for 5 c.c. of reagent would be 
0.2 c.c. of N/1000 acid (or alkali) corresponding to 0.2 c.c. of N/5 acid (or 
N/5 alkali) for 1000 c.c. of colloidal gold reagent. 

Titration of Saline Solution for the Colloidal Gold Test (Ramsay and Eil- 
man -1 ). — While the majority of reagents properly adjusted and meeting the above 
requirements are satisfactory in tests of spinal fluids diluted with 0.1% sodium 
chloride solution, this saline solution is not always satisfactory and it is advisable 
to determine the proper saline solution to use with each reagent as follows: 

*/. Lab & Clin 1932, 18:2%. 
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1. Set up 11 lest tubes and place. in each 1.7 c.c. of salt solution of increasing 

strength, ranging from 1.0% to 2.0%., For instance:, the, first 'lube receives. 1 '.7 cx.: . 
of a 1.0% salt solution, the second 1.7 c.c. of a 1.1% salt solution, the third lube . 
1.7 'ex. of a L2% salt solution, and so on until the eleventh lube, is reached which 
receives 1.7 c.c. of a 2.0% salt solution. The various salt solutions can he prepared . 
from a 2.0% solution as follows: ‘ • . • * - . ... . . '/ 

Tube No. 1.. 1.0 c:c. 2.6% salt solution and 1.0 c.c. distilled water; ; 

Tube No. -2. 1.1 c.c. 2.0% salt solution and 0.9, c.c. distilled water ' > 

Tube No. 3. 1,2 c.c, 2.0% salt solution and 0.8 c.c. distilled water >; 

Tube No. 4. 1.3 c.c. 2.0% salt solution and 0.7 c.c. distilled water - 

Tube No. 5. 1.4 c.c. 2.0% salt solution and 0.6 c.c. distilled water , , ; ' 

Tube No. 6." 1.5 c.c. 2.0% salt solution arid 0.5 c.c. distilled water • ' 

Tube No. 7. 1.6 c.c. 2.0% salt solution and 0.4 c.c. distilled water 

Tube No. 8. 1.7 C.c. 2.0% salt solution and 0.3 c.c. distilled water . ' 

Tube No. 9. 1.8 c.c. 2.0% salt solution and 0.2 c.c.' distilled water . 

Tube No. 10.. 1.9 c.c. 2.0% salt solution and 0.1 c.c. distilled water . 

Tube No, 11. 2.0 c.c. 2.0% salt solution and 0.0 c.c, distilled water 

* 2. Each tube now contains 2.0 c.c. of a salt solution of the various percentages, 

from 1.0 to 2.0%. - • < 

3. Mix. well and discard 6.3 c.c; from each lube* thus leaving 1.7 c.c. in each, 

' 4. Add to each tube 5. c.c. of the .freshly prepared colloidal gold reagent. 

5. The tube containing tlie lowest percentage 6f salt showing complete decolori- 
zation after one hour is used in 0.4 of this concentration for conducting the. test.. ■ 
For instance, if decolonization of 5 c.c. colloidal gold solution occurs in the tubes. . .. 

• containing the higher percentage of salt solution down to and including 1.2% in ■ 

one hour with no decolonization below this. percentage, then 0.4-of. this strength,: ■- . 
‘or 0.48%, is used in conducting the test. The solution should be prepared of /. 
chemically pure sodium chloride and doubly or triply distilled water. ‘ ./• ; . • 

Procedure.— 1. Place eleven chemically clean test lubes in -a: rack. 

2. Into the first tube place 1.8 c.c. of 0.4 per cent sodium chloride solution (dr . 

the proper percentage saline as determined in the above titration) and 1 c.c. in • 
each of the remaining ten tubes. “ " : ' 1 > ’ 

3. Add 0.2 c.c. of spinal fluid to the first tube and thoroughly mix. ‘ •' v , r 

4. Remove 1 c.c. from the first tube and place in. the second tube; mix thor-, 

oughly and remove 1 c.c. and place in the third tube; 'continue .until the tenth tube : 
is reached and then discard 1 c.c. from this tube. The eleventh tube is used as a 7 
control. • • , . ■ , . '• • A 

5. Add to each tube 5 cx. of colloidal gold reagent. S'' 

6. Mix thoroughly and set aside, for twenty-four liours^at the end of which time': 

the readings are made. \ . - v ‘7. V \ . 

7. Readings: Each tube is examined. and the reaction recorded,- using the hum- ; ' 

bers 0 to 5, , . . .. " • .V- -f 
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0 = unchanged as compared with the control 

1 = reddish-blue 

2 = lilac or purple 

3 — blue 

4 = almost colorless (trace of blue) 

5 “ colorless 

8. The readings are recorded in the order in which the tulies stand (Fig. lfifl). 
For example: 

5, 5, 5, 5, 4, 3, 1, 0, 0, 0 = curve in the paretic zone (Zone It 
(Plate VII) 

1, X, 2, 3, 2, 1, 0, 0, 0, 0 = curve in the luetic zone (Zone II) 

(Plate VIII) 

0, 0, 0, 1, 2, 3, 4, 5, 2, 0 — curve in the meningitic zone 
0, 0, 0, 0, 0, 0, 0, 0, 0, 0— negative 



Fic. 188 . — The Four Common Types or Colloidal Cold Reactions 


Paretic curve or Zone I ' 

Luetic curve or Zone II 

. — . — . — . Meningitic curve 
Negative 

The chart shown in Figure 189 is recommended for reporting the results of the 
colloidal gold and other spinal fluid examinations. 

Method of Boerner and Lukens. — This method is equally satisfactory and more 
economical of spinal fluid and reagent. 

1. Place 1.8 c.c. of proper sodium chloride solution in the first tube and 0.5 e.c. 
in the remaining 10 tubes. 







CEREBROSPINAL FLUID EXAMINATION 

Name: Ago: Physician: Onto: 

Clinical Diagnosis: 



Fig. 189 . The Kolmeu Chart for Spinal Fluid Examinations. 
(From Kolmcr, Chemotherapy, W. B. Saunders Co.) 
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2. Add 0.2 c.c. of spinal fluid to the first tube. Mix, discard 1 c.c. and transfer 
0.5 c.c. to the second tube. 

3. Mix and transfer 0.5 c.c. to the third lube, and so on to the last tube, from 
which 0.5 c.c. is discarded after mixing. 

4. Add 2.5 c.c. of reagent to all of the tubes and complete the test ns described 
above. The readings are made in the some manner. 

CUTTING'S COLLOIDAL MASTIC TEST 

Principles. — 1. Tins test depends upon the precipitation of manic in colloidal 
suspension as determined by a clarification of the reagent and the production of 
precipitates. 

2. It is highly probable that the substance in spinal fluid producing the reaction 



Fic. 190. — Colloidal Mastic It cacti oh 

(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods, W. II. Saunders Co.) 


is the same as that producing the colloidal gold reaction, although its nature is 
unknown. 

3. The reagent is much simpler and easier to prepare, although the reactions 
are less sensitive than the colloidal gold reaction. 

4. The reaction, while less sensitive, is also less subjert to technical errors. 

Preparation of Reagents. — 1. A stock solution of mastic is prepared by com- 
pletely dissolving 10 grams of U.S.P. gum mastic in 100 c.c. of absolute alcohol. 
Filter. *• 

2. For use dilute 2 c.c. with 18 c.c. of ab«oluie alcohol, mix well, and pour 
rapidly into 80 c.c. of freshly distilled water. 

3. Prepare a 1.25 per cent solution of C.P. sodium ililoride in distilled water, 
and to each 99 c.c. add 1 c.c. of a 0.5 per cent solution of potassium carbonate 
in distilled water (alkaline-saline solution). 

Procedure. — 1. Arrange six small test tubes in rack. 

2. Place 1.5 c.c. of alkaline-saline solution in the first tube and 1 c.c. in each 
of the remaining five tubes. . 
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3. Add 0.5 c.c. of spinal fluid to the first tube, mix thoroughly and transfer 
l c.c. to the second tube. 

4. Tiansfer 1 c.c. from the second tube to the third and so on until the fifth 
lube, from which 1 c.c. is discarded. The sixth tube is used as a control. 

5. To each tube add 1 c.c. of mastic reagent, mix well and allow to remain 
at room temperature foi twelve to twenty-four horns; or in the incubator for 
six to twelve hours. 

6. A positive reaction is indicated by the formation of a heavy precipitate which 
settle*, leaving the supernatant fluid clear (Fig. 190). 

COLLOIDAL BENZOIN TEST 

This lest, devised by Guillain, Laroche, and Lechelle, is similar in many respects 
to the mastic test. It is not specific for neurosyphilis, but gives practically the 
same results as the more complicated colloidal gold test. 

Preparation of Rekgents. — 1. Benzoin- Solution . — Sumatra benzoin resin, 
1 gram; absolute alcohol, 10 c.c. After forty-eight houis filter off the clear super- 
natant fluid. Keep in a tightly stoppered bottle. This is a stock solution from 
which the colloidal solution which is used in the test is freshly prepared each 
day as follows: 

Add 0.3 c.c. of the slock benzoin solution, drop by drop with constant shaking, 
to 20 c.c. of doubly distilled water. Heat to 35° C. in a water bath, with constant 
shaking. 

2. Salt Solution . — Prepare 0.01% sodium chloride in doubly distilled water. 

Procedure. — 1. Set up in a rack sixteen small lest tubes (75 by 10 millimeters, 
or 85 by 13 millimeters). 

2. In the first tube place 0.25 c.c. of sail solution; in the second tube, 0.5 c.c.; 
in the third, 1.5 c.c., and in each of the remaining tubes 1 c.C. 

3. Next add cerebrospinal fluid: 0.75 c.c. to the first tube; 0.5 c.c. to the second 
and third tubes. From the third tube 1 c.c. of the thoroughly mixed dilution of 
spinal fluid is transferred to the fourth tube, and so on, until the fifteenth tube is 
reached from which, after mixing, 1 c.c. is discarded. The sixteenth tube is used 
for control. The dilutions thus range from 3:4 in the first tube to 1: 16,384 in the 
fifteenth tube. 

4. Finally, add 1 c.c. of the benzoin suspension to each tube and mix by 
shaking. The tubes are allowed to stand foi from eighteen to twenty-four hours. 

5. Tire reaction will vary from no change in the mixture to complete pre- 
cipitation of the benzoin, with absolute clearing of the supernatant fluid. The 
degree of reaction in each lube is repoiled: 0, no piecipitalion; 1, slight precipi- 
tation, with partial clearing; 2, more than half precipitated, fluid still cloudy: 
3, complete precipitation, water-clear fluid. A curve may be plotted, or the figures 
representing the degree of reaction may be set down for each lube. Precipitation 
in the first six tubes indicates cerebral involvement, the first, or paretic zone; 
precipitation beginning with the seventh tube indicates involvement of the men- 
inges, or spinal cord, the second, or meningeal zone. The test is not as sensitive 
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as In the Lange colloidal gold method, and is not ns definite in its reaction in 
multiple sclerosis. 

KOLMER-WA8SERMANN REACTION 
The method of conducting this reaction is described in Chapter XXIX. 
BACTERIOLOGICAL EXAMINATION 

1. As soon as spinal fluid is received in the laboratory, it should be cutiured 
on blood agar or some other suitable medium before any other examinations are 
made, in order to avoid contamination. 

2. If very cloudy, direct smears may be made on slides. If opalescent, a portion 
should be centrifuged and smears prepared of the sediment. 

3. Smears should be stained by methylene blue and Gram’s method. 

4. Methods for the detection and identification of meningococci, pneumococci, 
streptococci, influenza and tubercle bacilli and other organisms are described in 
Chapter XIX. 


CEREBROSPINAL FLUID IN DISEASE 

The accompanying charts briefly summarize the more important changes in those 
diseases in which cerebrospinal fluid examinations have proved of value in diag- 
nosis. 

COMPARISON OF NORMAL CEREBROSPINAL FLUID 
AND BLOOD PLASMA 


(Mnmtrr ond Fhemo.nt-Smitu) 



Cerebrospinal Fluid 

Plssm3 

Range 

Average 

Average 

Specific gravity 

1.006 to 

1009 

1.0075 

1.025 

Total solids * 

0.83 


1.77 



Water content * 

98.23 


99.17 



.Freezing point — * C..... 

—0.531 to 

0.603 

—0570 

—0570 

Cilloride t 

424 0 

lo 454 0 

4400 

360.0 

Chloride (as NaCl) t 

700.0 

to 7500 

726.0 

5910 







Phosphorns t 

1 2 

to 

zi 

15 

40 

Lactic acidt 

10 0 

to 

200 

15.0 

15 0 


301.0 

to 313.0 

321.0 

316 0 

Potassium t 

11.0 

to 

150 

13.0 

19 0 

Cakumt 

45 

to 

55 

SJ1 

10 Q 

Magnesium t 

1.0 

to 

35 

3.0 

2.0 








1S.0 

to 

450 

280 

7000.0 








..... 




: 



Nonprotein nitrogen 1 .... 

11.0 

to 

380 

19.0 

27.0 


80 

to 

280 

14.0 



03 

to 

1.9 

1.1 



12 

to 

20 

1.6 



0.4 

lo 

28 

1.7 



0 06 

to 

022 

0.14 


Reducing substances t .... 

50.0 

to 

80 0 

65.0 








Nonglucose 



4.0 

60 


* Crams per 100 c,c. t Milligrams per 100 c.c. t Millimols per liter. 
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SECTION III 


BACTERIOLOGICAL, MYCOLOGICAL AND 
PARASITOLOGICAL METHODS 

CHAPTER XV 

METHODS FOR THE COLLECTION AND HANDLING OF 
MATERIAL FOR BACTERIOLOGICAL EXAMINATION 

Principles. — Not infrequently bacteriological examinations are rendered entirely 
valueless by faulty methods in the collection, and handling of material. The subject 
therefore is one of considerable importance in which practicing physicians es- 
pecially require the advice and guidance of bacteriologists. The chief points may 
be summarized as follows: 

1. To obtain the material as free as possible from contamination. 

2. As far as is possible to obtain exactly uhat it is desired to examine. For 
example: In culturing pus from the ethmoid or sphenoid sinuses, a mere swabbing 
of the no«e is not satisfactory if pus may l»e obtained direct from the infected areas 
by a rhinologist. 

3. To choose the proper culture medium if cultures are to be made. For example: 
If streptococcus or pneumococcus infection is suspected in a chronic otitis media, 
cultures of pus on plain agar may fail and show only the more rapidly growing 
organisms, as staphylococci, diphtheroid bacilli, etc. 

4. If mixed infection is suspected (as is usually true in chronic infections) to 
prepare cultures on plates (blood agar recommended) instead of on slants; or to 
submit the material itself or a swabbing for inoculation of plates in the laboratory. 

5. To avoid soiling and contamination of containers, especially in the collection 
of sputum and feces. 

6. To deliver material as quickly as possible to the laboratory after collection. 

7. If contamination has occurred or if a defective method of collection has beet: 
used influencing the accuracy of the examination, as, for example, submitting 
smears that are too thin or cultures made on a wrong medium, to report the facts 
in order to guard against erroneous results and conclusions. For example: a cul- 
ture of a sore throat on plain agar may show only staphylococci but does not 
exclude the possibility of diphtheria; or a culture of the eye on plain agar may 
show nothing but a staphylococcus and fail to grow streptococci or pneumococci 
if present. 

8. With the exception of diphtheria (where the use of Loffler’s blood medium 
is recommended) the most useful routine medium is blood agar plates. Tin’s 
medium will grow the less hardy organisms, including the hemoglobinophiltc 
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5. Portions of iris removed by iridectomy should be placed at once in glucose- 
brain-hormone broth suitable for the cultivation of streptococci and pneumococci 
(pH 7.4 to 7.6). 

6. Smears are aluays of great value in all eye examinations as they may show 
organisms failing to grow in culture media. At least two should be made. Avoid 
making smears too thin; smears the size of a dimq are large enough. 

7. In cultures of styes, plain agar may be used because these are caused by 
staphylococci. In all other infections use only the richer media (blood agar is 
recommended). 

8. Do not make smears or cultures within four hours of the use of a wash or 
antiseptic solution. 

9. Enucleated eyes should be seared or dipped in an antiseptic solution or 
boiling water for surface disinfection and opened with aseptic precautions for 
securing portions of the iris, lens, humors and retina for cultures. 

COLLECTION OF MATERIAL FROM THE NOSE, SINUSES, AND 
NASOPHARYNX 

1. In culturing the nose, sterile swabs should be used and passed without touch- 
ing the atrium. They may be first passed above and then below the lower turbinates 
to the nasopharynx if there are no obstructions. 

2. Cultures should not be made within an hour of the application of antiseptics. 

3. Secretions may be blown into sterile gauze and portions picked up with 
sterile swabs (frequently unsatisfactory on account of contamination). 

4. Material from infected sinuses should be collected by a rhinologist under 
direct illumination and with the aid of suction or other special methods for the 
purpose of securing a small amount of the material directly from the areas which 
are infected. 

5. Cultures of the nasopharynx should be made through the mouth with curved 
wire swabs to avoid contamination with saliva. The West tube is useful but not 
necessary. 

6. Plain agar should not be used except for cultures of pus from abscesses which 
are staphylococcic. Blood agar is recommended for routine use with Lofller’s blood 
serum or hormone broth as second choice since rich media are required for the 
cultivation of streptococci, pneumococci. Micrococcus ealarrhalis, meningococci, 
diphtheria bacilli and such organisms. 

COLLECTION OP MATERIAL FROM TONSILS AND FAUCES 

1. When inflammatory exudates are present, as in diphtheria, follicular tonsil- 
litis and Vincent’s angina, collection with sterile swabs or a sterile platinum loop 
is sufficient. 

2. The swabbing should not be too superficial but an effort made to secure 
material next to the tissues. This is especially important when diphtheria is sus- 
pected, as the bacilli are apt to be deeply located while the surface of a heavy 
exudate shows nothing but staphylococci. For this reason the first or primary 
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ture may be negative for diphtheria bacilli unless a deep swabbing or a portion 
membrane is secured. 

5. Loffler’s blood serum and blood agar are recommended for the preparation 
cultures. 

[•. Smears on microslides are useful. In Vincent’s angina, smears only are re- 
red as the organisms cannot be cultivated except by very special anaerobic 
thods. 

>. "In a bacteriological examination of the tonsils in relation to focal infection, 
is advisable and recommended to obtain material fiom the crypts whenever 
isible as these are likely to be more satisfactory than surface swabbings. As a 
leral rule these collections are best made by a laryngologist. Material may be 
messed from the crypts or secured with the aid of a special sterile glass tube 
iched to a suction pump. A good method and one that may be conducted in the 
oratory is first to make surface swabbings in different directions, as the flora 
y vary in different locations, followed by a culture of one or more crypts with 
latinum loop bent at right angles. 

5. Excised tonsils should be delivered in sterile gauze or saline solution imme- 
tely after removal. In the laboratory, they may be seared with a hot blade, 
iped into boiling ivater dr 70% alcohol for surface disinfection, washed several 
les with sterile saline and laid open with a sterile knife or scissors. Cryptic 
terial and bits of tissue are then secured and planted in brain-hormone broth 
a similar enriched medium adapted for the cultivation of streptococci. Emul- 
ns of tonsil and adenoid tissue may be prepared and cultured. 

COLLECTION OF SPUTUM AND BRONCHIAL SECRETIONS 

L. Sputum should be collected in a sterile wide-mouthed bottle or vial with the 
nimum contamination of the mouth and saliva. As a general rule, morning 
itum is to be preferred, the patient being instructed to brush the teeth with a 
ilcd toothbrush and to wash the mouth with boiled water before coughing occurs. 
2. In suspected whooping cough, sputum may b e collected in this manner in 
! case of older children and adults. In young children, faucial secretions may be 
[lected on swabs. Smears are of no value. Cultures should be made on glycerol- 
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tato-blood agar adjusted by acetic acid to pH 5.0. and plates of this medium may 
held before a child during a paroxjsm of coughing for making “droplet” 
Itures. 

3. Sputum for examination for tubercle bacilli alone by smear methods need 
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not he collected with these precautions. However, when cultures and guinea-pig 
inoculation tests for tubercle bacilli are to l>c conducted, they are helpful in 
reducing the degree of contamination. 

4. Sputum to he examined for tubercle bacilli by smear 
alone may be collected in 5% phenol although this is not 
necessary as the specimens may be autoclaved for sterilization 
before examination without damage to the morphologj or 
tinctorial properties of the bacilli. In hospitals the collection 
may be made in paper boxes which are later destroyed by 
burning, but these cannot l>c sterilized before examination and 
are not recommended. Patients should be instructed to care- 
fully avoid contamination of the outside of containers, as the 
material may be dangerous to handle and bacteriologists are 
advised not to examine material delivered in such shape. 

5. Specimens should be delivered as soon as possible and 
kept on icc or at a low temperature until examined. Specimens 
24 hours or longer since collection arc almost useless for bac- 
teriological examination except for tubercle bacilli by the 
smear method; older specimens, and especially those kept at 
room temperature, deteriorate in value for guinea-pig inocu- 
lation and culture with increasing time. 

C. Bronchial secretions aspirated with the Jackson bron- 
choscope are especially well adapted for bacteriological exami- 
nation in cases of asthma, chronic bronchitis and bronchiectasis. 
The Tucker {Tig. 191) and Clerf (Fig. 192 J collectors are 
very satisfactory. After use, the collector may be sent to the 
laboratory or smears and cultures (blood agar or hormone 
broth preferred) prepared jn the clinic. 

COLLECTION Or MATERIAL FROM THE TEETH 
AND O IN O IV A E 

1. For the bacteriological examination of extracted teeth, 
the following method is recommended: (a) Wall off the 
operative field with sterile cotton rolis. (6) Dry off the area 
about the tooth with sterile gauze and apply 3 per cent tinc- 
ture of iodine with care to have it penetrate well into the gin- 
gival margin about the tooth, (c) Extract, and while holding 
tooth in the extraction forceps, sever the apex with a cutting 
H Fig \T Ctxnr f° rce P s a,, d drop it untouched into a sterile test tube or via!. 
^ Coixector (d) Deliver as soon as possible to the laboratory where the 
fragment should be cultured in a rich broth medium like 
glucose-brain broth; or (e) the fragment may be dropped into a sterile screw 
top vial containing a small amount of sterile sand and gelalin-Locke solution. 
In the laboratory this should be shaken for ten minutes to macerate the tissue as 
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much as possible and llie material transferred with a sterile pipet to tubes of 
glucose-brain broth and streaked on blood agar plates. i 

2. Cultures of the socket may be made by: (a) Walling off the tooth with par- 
ticular care with sterile cotton rolls to prevent contamination with saliva or the 
tongue; ( b ) disinfecting the gums with tincture of iodine; (c) extracting with for- 
ceps with sterilized beaks; ( d ) curetting with sterile curet or with a sterile cotton 
swab removing material for inoculation in glucose hormone broth or on blood agar 
plates. 

3. Numerous methods have been advised for culturing the periapical region 
through the root canals with the tooth in situ but the following is recommended 
as a simple one for routine use: (a) Isolate the tooth with rubber dam. (b) Steri- 
lize the coronal surface with a 3 per cent tincture of iodine, (c) Remove the filling 
with sterile instruments. ( d ) Remove filling or dressing in the root canal with 
sterile instruments, (e) Mechanically cleanse and dry the canal with sterile cotton 
and insert sterile paper points slightly moistened with sterile saline solution to 
absorb any moisture oozing into the canal ; remove the points and drop them into 
a tube of glucose hormone broth. (/) If no moisture oozes in. pass a sterile, fine 
broach or pick through the canal and drop it into a tube of the medium. 

A more elaborate method recommended by Rickert is as follows: The canals are 
first opened large enough to be readily accessible. The canal walls should be 
cleansed with alcohol or hydrogen peroxide. The treatment is introduced on an 
aseptic cotton point of a length not to exceed two-thirds the length of the canal; 
above this toward the occlusal orifice place a short section of the dry thickened 
end of a sterile cotton point; then above this place cotton moistened with sandarac v 
varnish. The cavity is next sealed with either cement or temporary filling. In tak- 
ing the culture, the tooth and adjacent teeth are isolated, dried and treated with 
tincture of iodine. The temporary stopping is removed and the cavity moistened 
with iodine; the sandaric varnish stopping is then removed and this portion 
cleansed with alcohol. The last dry pledget is then removed with a barbed broach 
and the dressing to be cultured is carefully withdrawn; it is seized just above the 
point of contact of the broach with sterile cotton pliers. The broach, cut off to 
the pliers and the remaining part of the point which is the apical end, is then 
introduced into the culture medium. 

4. Smears are generally employed for the bacteriological examination of the 
gingivae or gums. Material should be especially collected drom the sulci or pockets 
alongside of the teeth in infection of the periodontium. A stiff platinum loop or 
some other suitable instrument may be employed; or pus may be picked up with 
swabs after expression. 

Smears may be prepared on microslides in the usual manner, allowed to dry and 
sent to the laboratory for staining and examination for spirochetes, endamebae, 
etc. When the secretions are scanty a drop of the patient’s saliva or a drop of saline 
solution should be placed on the slide, the material added, and a smear prepared. 

Wet preparations are very useful for examination for spirochetes and endamebae. 

In this case the patient must be sent to the laboratory or the examination made in 



322 BACTERIOLOGICAL METHODS 

tlie office of the dentist. The spirochetes are readily seen stained or unstained and 
dark-field examination is not necessary. 

Cultures of the surface of the gums are hardly worth while because of inevitable 
contamination with saliva. But pus expressed from pockets is quite suitable for 
cultures if the surface is first disinfected with 3 per cent tincture of iodine. The pus 
is then collected on sterile swabs and sent at once to the laboratory or directly 
streaked over blood agar plates and then planted in tubes of enriched broth 
(brain-glucose broth is recommended). 

COLLECTION OF MATERIAL FROM THE EAR AND MASTOID 

1. In culturing furuncles of the external auditory canal, the skin should be 
cleansed with alcohol and pus picked up with a small sterile swab. Plain or blood 
agar or Loffier’s blood serum may be inoculated, os these infections are usually 
staphylococcic. 

2. In otitis media the material is best collected by an otologist, as the external 
auditory canal should be cleansed, disinfected with alcohol and pus obtained on 
sterile swabs through a speculum and with illumination in order to guard against 
contamination. 

3. In acute otitis media, the organism producing infection is generally obtained 
in pure culture; in chronic otitis media, two or more organisms are generally 
found. 

4. The pus should be streaked on blood agar plates or inoculated in tubes of 
enriched broth like glucose-brain broth or glucose-hormone broth. It is a mistake 
to use plain agar, as this is not suitable for the cultivation of streptococci, pneumo- 
cocci, etc. In acute otitis, cultures on Lofllcr’s blood serum or slants of blood agar 
are sufficient, but in chronic otitis, blood agar plates should be used since the 
infection is generally mixed and rapidly growing organisms may readily overgrow 
streptococci and similar slowly growing ones. Smears on slides are also serviceable 
as their examination gives valuable information, especially in regard to the or- 
ganisms one may expect to find in the cultures. 

5. The same procedures are recommended in mastoid infections. Smears and 
cultures should be made at the time of operation on blood agar slants or plates 
or glucosc-brain broth suitable for the cultivation of pneumococci and strepto- 
cocci. 


COLLECTION OF CEREBROSPINAL FLUID, PLEURAL AND OTIIER 
TRANSUDATES AND EXUDATES 

Cerebrospinal fluid for bacteriological examination should be collected with 
particular care against contamination, especially if cultures are to be made. The 
presence of staphylococci in cultures is rather common but of no significance un- 
less skin contamination can be definitely excluded. As meningococci, pneumococci 
and streptococci in spinal fluid tend to die out rapidly, especially meningococci, 
the fluid collected in sterile test tubes should be sent as soon as possible to the 
laboratory where large amounts (0.5 to 1.0 c.c.) should be cultured on blood 
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agar, sheep serum agar or similar enriched media. Smears are also of great value 
and may be prepax ed after the cultures have been made by smearing the fluid direct 
if il is purulent or after securing sediment by centrifuging. 

Pleural, pericardial, joint and other fluids should he collected by aspiration 
with a sterile syx ingc fitted with a sufficiently large needle and under rigid aseptic 
conditions with particular reference to very careful preparation of the skin. 

Cultures and smeaxs are then prepared as in the case of cerebrospinal fluid. 

» ^ 

COLLECTION OF BILE 

1. The technic for collection of bile from the duodenum by nonsurgical drain- 
age is extremely important as the bacteriological examination is almost without 
value unless the bile is collected with rigid precautions against the several sources 
of contamination. It is recommended that the method described in Chapter X, 
employing a special flask, be strictly followed. 

2. A broth medium known to be suitable for the cultivation of streptococci 
should be employed; hormone broth with a pH of 7.4 to 7.6 is recommended. 

3. About 20 drops of bile should be added to 150 c.c. of medium. 

4. If a plating method is to be used, bile may be collected in a special sterile 
vial or test tube. 

5. Upon delivery of the specimen, 0.5 to 1.0 c.c. of bile may be removed with 
a sterile pipet and plated on blood agar, the colonies being examined after twenty- 
four to forty-eight hours incubation. The broth method, however, is generally more 
satisfactory. 

COLLECTION OF MATERIAL FROM FECES AND THE RECTUM 

1* Feces should he passed directly into a quart-size Mason jar previously steri- 
lized by boiling it. the rubber ring and the top for a few minutes before use. Or 
the patient may pass a stool into a basin previously sterilized by boiling, and a 
portion (especially feces with mucus) removed with a sterile spatula to a sterile 
wide-moulhed bottle or vial. * 

2. Cultures of the reelum for cholera and typhoid carriers may be made by 
cleansing the skin about the anus with soap, water and alcohol, followed by the 
introduction of a sterile cotton swab previously moistened with sterile broth or 
saline solution; or sterile vaselin may be fpplied to the anus and the finger, 
covered with a sterile rubber cot, inserted and swabs prepared from the cot. The 
swabs should he delivered promptly to the laboratory for inoculation of culture 
media. 

3. In xdeerative colitis, cultures are best made with the aid of a sigmoidoscope 
or proctoscojxe. The ulcers should be first cleansed and material obtained with 
sterile swabs which should, be six caked over blood agar plates or a primary cultuxe 
made in an enriched broth, like brain-hormone broth for the cultivation of strepto- 
cocci, etc. 
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COLLECTION OF BLOOD FOE CULTURES 

Principles. — Since bacteria are rarely found in smears of blood, cultures are 
required to determine whether or not they arc present. A large number of methods 
have been proposed and the technic employed has considerable influence upon 
results. 

1. Rigid aseptic technic is required not only to guard against contamination 
from the shin and air in the collection of blood, but likewise in making subcultures 
and all subsequent examinations. 

2. The methods employed may be designated as: (a) qualitative to determine 
whether or not bacteria are present; (t) quantitative to determine the approxi- 
mate number of bacteria per cubic centimeter of blood; and (c) massive when 
large amounts of blood are cultured for the detection of small numbers of or- 
ganisms, as in chronic infective types of arthritis. 

3. It is helpful to know the kind of infection suspected clinically in order to 
choose the proper culture medium and method to be employed. It is advisable to 
make the culture at the peaks of pyrexial waves. 

4. When relatively large numbers of bacteria are present in the Mood the cul- 
tures arc usually positive within 21 to 72 hours of incubation; but when only 
small numbers arc present, the cultures may require 10 to 21 days incubation and 
no culture should be reported as “sterile” in less than 10 days. 

5. The presence of Staphylococcus albus, B. coli, B. proteus and diphtheroid 
bacilli are frequently due to contamination and when found the culture should be 
repeated before concluding that they were from the blood. 

6. Blood is usually collected from a vein at the elbow. In infants a superficial 
branch of one of the jugular veins may be emplojed. The inlernat saphenous vein 
as it turns over the internal malleolus of an ankle joint is also available. 

Method for Collection of Blood, — Prepare the skin as follows: 

1. Wash thoroughly with hot W3ler and soap. 

2. Cleanse with alcohol and sterile gauze. 

3. Apply a wet dressing of 1:1000 bichloride of mercury format least 30 minutes. 

4. Apply tourniquet and request the patient to vigorously open and close the 
hand in order to distend the veins. 

5. Light an alcohol lamp. 

6. Assemble a carefully sterilized 20 c.c. Luer syringe with IVo. 20 gage needle. 

7. Remove gauze dressing and apply tincture of iodine over a prominent vein. 

8. Ask patient to keep hand clenched. Avoid touching the skin at the site of 
puncture. If necessary to palpate the vein wear sterile rubber gloves or cover finger 
with sterile gauze. 

9. Make venous puncture and withdraw 10 to 15 c.c. of blood. Ask patient ta 
open hand. Release the tourniquet. Withdraw needle from the vein. 

10. Inoculate the media after carefully flaming in alcohol lamp. 

11. Remove iodine from the skin with alcohol. Apply flexible collodion and 
cotton or gauze dressing. 
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Routine Method for Blood Culture. — The following method can be recom- 
mended for routine cultures as it is suitable for most of tbe pathogenic bacteria 
producing bacteremia and septicemia and provides both a qualitative and quanti- 
tative culture: 

1. Inoculate a flask of 150 c.c. of glucose (0.2%) hormone broth (pH 7.4 to 
7.6) with 5 or preferably 10 c.c. of blood. The Kracke heart-brain broth is also 
recommended *(see Chapter XVII)! Other media may be used depending upon the 
infection suspected. 

2J Place 5 c.c. of blood in a test tube carrying sterile sodium citrate and rotate < 
thoroughly to prevent coagulation. (These tubes are prepared by placing 2 c.c. of 
a sterile 10% solution of sodium citrate in distilled water in each. Place in in- 
cubator or water bath until evaporated to dryness. Replace cotton with boiled 
rubber stoppers. Each lube will contain 0.3 gm. sodium citrate sufficient for 5 c.c. 
of blood.) 

3. In the laboratory culture the citraled blood as follows: (a) Melt 2 tubes of 
plain or glucose agar in a water hath and cool to 42° C. (b) To one add 1 c.c. of 
citrated blood and to the second 2 c.c. with a sterile pipet. (c) Pour into 2 sterile 
Petri dishes and mix thoroughly: label each plate with amount of blood used. 

( d ) Allow to harden and incubate covers down, (e) This method is better than 
inoculating tubes of agar and pouring plates at the bedside, as it usually permits 
more accurate measurement of the blood and especially if bubbles of air gain 
access to the syringe. 

4. Incubate the flask and plates for 48 hours when a preliminary report should 
be made. With great care against contamination, prepare a smear of the super- 
natant broth and stain by the method of Gram. At the same time subculture about 
0.5 c.c. of the sedimented blood and broth on a slant of blood agar. Repeat every 
2 or 3 day's for 10 to 21 days if there is no growth before rendering a final report. 
If growths develop identify the organisms. If a growth appears in the plates, re- 
port the number of colonies per cubic centimeter of blood. 

Anaerobic Method for Blood Culture. — If an anaerobic culture is desired, as '* 
is advisable in culturing the blood of suspected cases of puerperal septicemia, it 
may be prepared by planting 1 or 2 c.c. of citrated blood at the bottom of a long 
narrow tube of Rosenow’s brain-broth medium by means of a sterile pipet. Cover 
with sterile paraffin oil or vaselin. Such a culture gives partial oxygen tension or : 
it may be incubated in a special jar in an atmosphere of hydrogen gas for more 
complete anerobiasis. Incubate at least 5 days before preparing smears for exami- 
nation. If no growth, continue incubalion and examinations for at least 3 weeks. 

Method for Blood Clots. — Specimens of clotted blood submitted in sterile 
Keidel or lest tubes for serological examinations may be utilized for preparing 
blood cultures after the following method by Sellers and Morris: 

1. After sufficient serum has been withdrawn aseptically for serological tests, 
transfer the remainder of the specimen, including the clot, into the barrel of sterile 
Luer syringe. 

2. With the nozzle turned upward, expel the air with the plunger. 
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3. The nozzle is then held over the mouth of the flask of broth medium and the 
clot “spued” into the medium by pressure on the plunger. A thorough comminu- 
tion of the clot is thus obtained releasing organisms trapped in the clot. 

Choice of Culture Medium. — The glucose hormone broth recommended above 
is suitable for the cultivation of most pathogenic organisms producing septicemia 
as the staphylococci, streptococci, meningococci, gonococci, typhoid bacilli, etc. 
For other organisms special media may be required according to the infection 
suspected. 

Massive Methods for Blood Culture. — If the routine method described above 
proves sterile when but few organisms arc present, larger amounts of blood may 
be cultured by one of the following methods: 

Method of Cecil and Nicholls for Arthritis Cases. — 1. Twenty c.c. of blood arc 
taken aseptically from the arm vein of the patient, and placed in two sterile test 
tubes. 

2. The blood is allowed to clot and placed in the ice box overnight. 

3. In the morning the scrum is removed and the clots transferred to bottles 
containing 50 c.c. of beef-heart infusion broth with a pH 7.6. The bottles are then 
placed in the incubator at a temperature of 37° C., and left there for one month. 

4. During the month subcultures are made at five-day intervals on blood agar 
pour plates and in blood broth tubes. If nt the end of thirty days the subcultures 
remain sterile, the sediment of the original bottle is examined for organisms by 
means of smears. Part is streaked on a blood agar plate, and part is transferred 
to fresh blood broth. If no organism can be demonstrated with this procedure, the 
blood is considered sterile. 

5. AH cultures and transfers are made under a hood in order to eliminate 
contaminations as far as possible. AH contaminated cultures are discarded. 

COLLECTION OF URINE 

1. Urine to be examined by culture should always be collected by catheterization 
under rigid aseptic conditions. 

2. If catheterization is not possible or advisable, especially in infants, the geni- 
talia should be cleansed with soap, water, and alcohol, with special reference to 
the meatus, and urine collected in a sterile beaker. Special methods and apparatus 
have been described. It is almost impossible, however, to exclude or prevent con- 
tamination, especially with staphylococci and colon bacilli. 

3. Urine to be examined for tubercle bacilli alone by smear may be collected 
without any special precautions other than a washing of the genitalia to prevent 
contamination with smegma. If guinea-pigs are to he inoculated, the urine should 
be passed into bottles previously sterilized by boiling and urine kept at a low 
temperature (especially important during warm weather) to prevent the multipli- 
lation of contaminating bacteria and loss of viahilitv of small numbers of tubercle 
bacilli. 

4. Urine to be examined for gonococci, colon bacilli, streptococci, etc., by 
smear alone may be collected in a sterile container after simple cleansing of the 
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parts. It should be centrifuged, however, and smears made within an hour or two 
after collection, or iced if a longer inteival is inevitable, to prevent the multiplica- 
tion of contaminating organisms. 

COLLECTION OF UEETHEAL AND PEOSTATIC SECEETIONS 

1. Smears of urethral pus are ordinarily sufficient for the bacteriological diag- 
nosis of gonorrhea. But the method of preparing them is of practical importance. 
At least two smears should be prepared with cotton swabs and rolled (not 
rubbed) upon slides, care being taken not to pass the swab over the same surface 
twice. If the amount is scanty, smears the size of dimes are sufficient, as very thin 
smears are unsatisfactory. 

2. It is sometimes advisable to furnish the patient with slides and swabs along 
with instructions for preparing smears of morning secretions, collected upon 
arising and before urination. 

' 3. Smears should be allowed to dry in the air. The practice of covering a heavy 
wet smear with another slide is very unsatisfactory. 

4. When cultures aie to be made it is advisable to cleanse the meatus and secure 
pus by urethral massage. This should be picked up with sterile swabs immediately 
streaked on a suitable medium like that of Pelouze, North, blood agar, etc., or the 
swabs may be washed out in a small amount of sterile ascites fluid in a test tube 
furnished with a sterile rubber stopper and at once forwarded to the laboratory 
for inoculation of media. 

5. The examination of urine for gonococci in chronic urethritis is not very satis- 
factory, although staphylococci, colon and diphtheroid bacilli, etc., from the 
prostate gland are readily obtained. The prostate gland should be thoroughly 
massaged and the first ounce or two of urine immediately passed collected in one 
or two sterile centrifuge tubes and used for examination. Or the prostate may be 
massaged during urination. If cultures are to be made the urine should be secured 
by catheterization into sterile centiifuge tubes. Whatever method is used it is 
important to centrifuge the urine as soon as possible at high speed and the sediment 
should be streaked on a suitable medium and also examined by direct smears. 

6. Bacteiiological examination of prostatic secretions may be conducted by hav- 
ing the patient empty the bladder immediately before examination. The meatus is 
then thoroughly •washed with soap and water. While the patient constricts the 
urethra just behind the glans penis, the prostate is thoroughly massaged until 
fluid collects behind the constriction. This is then collected in one or more sterile 
Petri dishes and plated on blood agar. Smears may be prepared for the Gram stain 
at the same time. 


COLLECTION OF VAGINAL SECEETIONS 

1. Properly prepared smears are still of most value in the bacteriological diag- 
nosis of gonococcus urethritis, vaginitis, bartholinitis, etc., of the female. 

2. They should be prepared by rolling swabs of secretion on glass slides (not 
rubbed on) with caie not to pass the swab twice over the same surface. 
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3. Pus may lie secured by massage of the urethra, the Bartholin glands, and 
from the vagina. In adults with chronic gonorrhea, it is particularly advisable to 
secure secretions from on and about the tenix with the aid of a vaginal speculum. 
Vaginal douches should lie omitted for at least several hours before examination. 

4. Several smears should lie prepared and properly labeled. They should be 
neither too thick nor too thin. If the secretions ore scanty, smears the size of 
pennies are sufficiently large. They should be allowed to dry in the air; the filthy 
practice of covering a thick wet smear of vaginal secretion vvitli another slide is 
strongly condemned. 

5. Cultures may be prepared by streaking the secretions on plates ol ascites agar, 
North gelatin agar, the Pelouze medium or ldood agar. Or swabs may be washed 
out into small amounts of sterile ascites fluid furnished in small test tubes with 
sterile rubber stoppers and the ascites emulsion sent at once to the laboratory for 
the preparation of plates. In medicolegal cases, fresh smears for active spermatozoa 
and cultures are usually required and the physician should enlist the services of 
the bacteriologist lor aid in the technic ol preparing them. 

6. In infants and >oung children smears ol the external genitalia arc sometimes 
insufficient and unsatisfactory; especially in chronic infections with scanty secre- 
tions. 

It is advisable to obtain material from the vagina by means of sterile slender 
cotton swabs for either smears or cultures or both. In older children, especially in 
those who have been under treatment, a nasal bivalve speculum may be employed 
as a vaginal speculum without injury, as it is particularly important to secure 
secretions on or about the cervix as they may show the presence of gonococci when 
smears of the external genitalia do not. 

Vaginal washings arc sometimes serviceable in these cases and may be con- 
ducted as follows: 

(а) Place the child on its hack with thighs spread apart. 

(б) Fill the vagina with 1 :4000 bichloride of mercury in normal saline solution 
by means of a sterile bulb or syringe. 

(c) Recover the washing and transfer to a centrifuge tube. Repeal until 5 to 
10 c.c. of washings have been secured. 

(</) Centrifuge as soon as possible and prepare smears of the sediment to be 
stained and examined for gonococci. 

COLLECTION OF MATERIAL FOR EXAMINATION FOR 
SPIROCnAETA PALI .TP A 

1. Spirochaela pallida is best found by dark-field examination of fresh material. 
Stained smears are much less satisfactory. 

2, Wet preparations for dark-field examination may he prepared in the physi- 
cian’s office, providing a microscopy can be done in the laboratory before motility 
of spirochetes is lost. Otherwise it is better to send the patient to a laboratory 
equipped for this work. Or the physician may collect a drop or two of secretion 
in a Wright capillary blood tube. The ends should be sealed with wax or paraffin 
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(not wiih heal). In i the laboratory preparations are made for dark-field exaihiriaW 
lion. ■■'/] ' :: . J l, : - . "... v .j.-V’ 

, ' 3. Spirochaeta pallida may be found in chancres (genital and extragenital); 
mucous patfches, ‘ condyloniata and in some skin lesions as /well as in swollen 
lymph Tglands, although examinations for the organisms are .practically confined . 
to, sores regarded as possible primary lesions or chancres. , •= . . 

: The examination of lesions on . the lips is quite reliable but when occurring 
within the mouth ‘great care is required, since- Spirochaeta rriicrodentium /of the • f 
saliva is morphologically indistinguishable from Spirochaeta pallida. 

4. Surface exudates should not be used, as the spirochetes are usually in the 
tissues^ An effort should be made to secure tissue “juice” with as little blood as 



•possible. All applications of antiseptics should be omitted for . at least several , 
hours before the examination is made. , ■. ■ • 

5. Thin glass, slides (free of scratches) and cover glasses' .are required; also 
sterile saline solution, and usually an instrument like a scalpel or stiff platinum, 
wire loop, for securing tissue juice. Capillary pipels may be used, for collection. 
At least two slides should be prepared. Place a drop of saline solution oh each. >"■ 

6. The lesion should be grasped between the thumb and forefinger (protected 
with rubber gloves dr gauze), and squeezed (Fig. 193) to secure tissue juice, which 
may be transferred to the saline on the slides with a sterilized platinum, wire or 
loop. If this, is not successful, . the lesion may be gently, scraped /(while being 
squeezed to prevent bleeding) the. material, transferred, to slides and mixed With/ 
the saline solution. A cover glass. should be applied (being careful-to avoid float- 
ing) and the dark-field examination made at .once; “Or smears may be made arid 
allowed to dry in the air if a staining method (like that of jFonlana) is ’to be em- 
ployed. If the sore is quite. painful, one may first apply a few. crystals of cocaine 
or a few drops of iiovocaihe solution to anesthetize it. ';■/-•,//; - /// ..’1"; 

7. Lymph gland material may be: obtained by puncture, /.using a sterile.! c.c, 
syringe fitted with a No. 22 needle and injecting 0.5 to l;0 c.c. of sterile saline 
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solution followed by aspiration and the preparation of slides with a few drops of 
the fluid. 

COLLECTION OF MATERIAL TOR EXAMINATION TOR B. DUCP.EY 
(CHANCROID) 

1. Pus may be obtained by aspiration of a bubo with syringe and needle and 
inoculated into a medium of two parts agar mixed with one part of sterile human, 
dog, or rabbit blood; smears should be prepared at the same time. 

2. An open ulcer may be painted with tincture of iodine and covered with sterile 
gauze; 24 hours later prepare smears and cultures of pus collecting under the 
dressing. 

COLLECTION OF MATERIAL FOR EXAMINATION TOE LEPROSY 

1. Lepra bacilli are usually present in the tissues of leprous lesions in large 
numbers, especially in tubercular leprosy. They may also be found in the nose 
and fauces. 

2. The bacilli are chiefly in the fixed tissue cells, and it is usually necessary to 



Fic. 194. — Securing Material rnoii a Lethous Lesion 
(From Bass and Johns, Practical Clinical Laboratory Diagnosis, Waverly Press Inc.. Baltimore.) 

scrape the lesions for proper material; little or no pain is produced (Fig. 19-1). 

3. Place a drop ot saline solution on each ol several slides. Grasp the lesion 
and, while squeezing to prevent bleeding, scrape with a scalpel or a safety-razor 
blade and transfer the scraped-up tissue to the slides. Make spreads and allow them 
to dry in the air, to be followed by staining for acid-fast bacilli. 

4 . Secure material from the nose and fauces with sterile cotton swabs and pre- 
pare smears in the usual manner. 

COLLECTION OF MATERIAL FROM WOUNDS 
1. Smears and cultures are required. It is recommended that purulent secretions 
be collected in sterile tubes with the aid of sterile swabs and sent to the laboratory. 
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If gangrene infection is suspected, a statement to this effect should laccompariy; the.;’ 
specimen so that special -anaerobic’, methods may;, be Employed ’for; B.-Avelchii , ; 
Vibrion seplique, etc. ; ' •' ' A-.. • •• ^ -V- ; -A' : ' : , - , / 

, 2. If cultures are made: at the' bedside, blood agar plates are recommended, 
especially if mixed infection .is suspected. Otherwise, blood ; agar 'slants -on glucose-; 
hormone broth may be used, suitable for the cultivation of streptococci. Plain agar, 


may be used only in case' of simple. abscesses. T .V'', • 

3. If infected wounds are being irrigated according to the Carrel methods, it, is - 
necessary to interrupt irrigation for at least two hours. Smears are made on glass 
slides with a stiff platinum loop , or sterile, cotton swabs, The areas should be ;/ , 


selected with great care with particular reference to. the deepest parts, necrosed 
points of fascia, the surface of damaged bone. and culdesacs where secretions can;. „ 
accumulate protected from the irrigation solution. Bleeding areas should be avoided/. 

4. The , secretions thus collected are spread out on slides; which should ; be • 
properly labeled with the name of the patient and the region of the wound whence 
the secretion Avas taken. They should be allowed to dry before delivery to the' 
laboratory. ' . • • 1 *' , ‘- ; -AA / 


COLLECTION OF’ NECROPSY MATERIAL 

1. When bacteriological examinations are to be made in the course of a necropsy, . . 
it is imperative to remove the material at, the earliest possible time after death; 1 
and. at least within an hour or two in order to avoid the.' increase of secondary ';;.' ' - 
invaders and the postmortem -invasion of the tissues with. intestinal bacteria. 

2. The body should not be embalmed if cultures are to' be made, although A. - 

smears and examinations for bacteria infections of tissues may be made. . /.{ 

3. An area of the.hearti liver or other organ or tissue to -be cultured should be \ 

first seared with a cautery iron and then opened, with, a cautery or sterile knife and..-; 
material 'obtained .with a sterile pipet, colton-.swab, .stiff platinum wire or scalpel; 
Blocks of tissue may be removed, [dipped into- boiling! water for surface steriliza- 
tion and then cut into bits under aseptic precautions for cultivation in ; brain- 
hormone broth or similar enriched media. - -.'A 

DISPOSAL OF MATERIAL SUBMITTED - . , :j / ; 

1. It is a good practice to retain specimens-of piis, various secretions, spinal.' and ; . / 

oilier fluids, etc;, for several days at least in case it is necessary or advisable to"'- ' . 
repeat the examinations. Cultures should be retained for a , week or longer, in-case 
confirmatory tests are desired. It . is also advisable to . retain important smears 
properly labeled. , ' -W 1 V- ‘ A ' " 

2. All specimens containing or likely [to contain pathogenic- organisms should / 

be placed in a' pail or pan and the latter autoclaved at the close of the day. Paper :'v. 
sputum.cups should be burned. ‘ .y r-'v'-A - ' />• W-' ; . , A'A ' A’WA .A : • A 

3. It is. a good practice to add afewc.c.of 5 per cent phenol or. tricresol to all 

discarded cultures .(replacing the stoppers), including Petri plates. A‘; . ,A‘ A .A- 
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4. Pipets used for handling infectious material should he placed in a jar, crock, 
or pan of water containing phenol or tricresol for disinfection. 

5. Boil all instruments and syringes immediately after use. 

6. Wash the work table routinely with 10% crude cresol or some other suitable 
antiseptic. 



CHAPTER XVI 


METHODS FOR THE PREPARATION AND STERILIZATION 

OF GLASSWARE 

Principles. — Test tubes, Petri dishes, and flasks should he made of good quality 
glass in order to (1) withstand repeated steam sterilization at 121° C. (approxi- 
mately 15 pounds pressure) and hot air at 170° C. with the minimum of decompo- 
sition and (2) to contain the smallest amounts of free alkali so that there will he 
the minimum difference between the initial and final reactions of culture media. 
Strain-tested Pyrex and Nonsol glass are recommended because of their stability 
toward distilled water, and low coefficient of expansive and mechanical strength. 


SELECTION OF GLASSWARE 

1. Test tubes should he of thicker walls than are used for chemical work, with- 
out lips in order to facilitate plugging and storage, and of such size as to fit in the 
wire test-tube racks now in common use. Three sizes are usually sufficient: 100 by 
13 millimeters for slants and broth, as 5 c.c. in each is sufficient and economical; 
200 by 13 millimeters for giving a high column of medium with varying degrees 
of oxy'gen tension (low at the bottom 

and high at the top) ; 120 by 16 milli- 
meters for carrying to 10 c.c. or larger 
amounts of agar, gelatin, etc., for pour- 
ing Petri plates and for holding sterile 
swabs. 

2. Petri dishes subjected to steam 
pressure sterilization should be of 
alkali-free glass and capable of 
standing repeated sterilization without 
corrosion (N-101-AF glass is recom- 
mended). Where hot air sterilization only is used, dishes of selected lime glass 
are sufficient, providing they are thoroughly dried before being placed in the steri- 
lizer. Covers of white Coors porcelain are recommended: unglazed inside for 
providing sufficient absorbing surface for water of condensation, and glazed out- 
side and at the sides for facilitating the removal of pencil markings. The 10-centi- 
meter size is ordinarily employed. 

3. Erlenmeyer flasks of Pyrex or Nonsol glass with* vial mouths are recom- 
mended and three or four sizes are usually sufficient: 300 c.c. capacity for blood 
cultures and 500 to 3000 c.c. capacities for storage of culture media, etc. 
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195 . — Fermentation 
Tube Support 


Fig. 196 .' — Wide 
Mourn Rectan- 
gular Bottle 
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4. Smith fermentation tubes (Fig. 195). 

5. Blake bottles (Fig. 196) and Kolle flasks arc commonly employed for mass 
cultures in the preparation of stock vaccines, bacterial antigens, etc. 

6. Microslides should be of noncorrosive hard glass with grounded edges, free 
of scratches and of the usual 3 by 1 inch sire with a thickness of 1 to 2 millimeters. 
For dark-field work the slides should be carefully selected, free of scratches and 
within 1.45 to 1.55 millimeters in thickness. 

7. Micro coier glasses should be of noncorrosive glass; soft white glass should 
not be used. Squares (22 millimeters), rectangles (22 by 36 millimeters), and 
round glasses (15 millimeters) may be recommended for routine work. 

CLEANING GLASSWARE 

Used Glassware. — 1. Glassware should be washed as soon nfter use as possible. 

2. If glassware is contaminated, it should be autoclaved before being washed. 
After removing from the autoclave and while still warm, remote all cotton plugs 
and empty. 

3. Place the glassware in warm water, add enough good quality soap to make 
plenty of suds and scrub well with a brush. 

4. Rinse well in running water, preferably, rinsing once in tap water and twice 
in distilled water. Allow the glassware to drain and dry. 

5. Tubes with paraffined stoppers should be separately cleaned because soiling 
with melted paraffin renders cleaning more difficult. After autoclaving and while 
still hot, remove the cotton stoppers, empty and immerse the paraffin-soiled glass- 
ware in hot water to which is added soap in fine shavings to make about a 5% 
solution of the soap. Boil slowly for an hour, allow to cool somewhat and scrub 
well. If the paraffin is not removed, boil again in fresh soap solution, scrub well, 
rinse and allow to drain and dry. 

Pipets should be placed, immediately after using, in a tall crock or cylinder full 
of 2 per cent lysol solution (for disinfection) with a layer of cotton on the bottom. 
To wa«h pipets, hold them in flowing tap water, or better, use a water suction 
pump attached to the faucet. Place the mouth end of the pi pet in the rubber tube 
connected with the pump and the other end in a container of tap water and suck 
water through for about one-quarter minute; rinse by draining distilled water 
through the pipet, put aside to drain and dry. 

Slides and coverglasses may be placed in 2% lysol solution which in a week or 
so loosens Canada balsam; this solution also disinfects hanging drop and dark- 
field preparations. 

1. Boil in soapy water or 10% solution of chromic acid for ten minutes. 

2. Rin«e in running water, drain and polish or keep the slides and cover glasses 
in 70/{ alcohol. 

New Glassware. — New test tubes, flasks, Petri didies, pipets and other glass- 
ware are likely to contain free alkali and should, therefore, he allowed to stand 
for a few hours in 2% hydrochloric acid. Rinse well with lap water, then treat as 
directed in steps 3 and 4 under used glassware. 
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Slides and coverglasses may be cleaned with alcohol and used diiectly or stored 
in 70(7 alcohol until needed. 

Cloudy Glassware. — When glassware (test tubes, Petri dishes, pipels, slides, 
coverglasses. etc.) lelains cloudiness that cannot be removed by means of washing 
-with soap, use potassium bichromate sulphuric acid cleaning solution, prepared 


as follows: 

Commercial potassium bichromate 60 gm. 

Tap water 300 c.c. 

Dissolve with the aid of heal, cool and add 
slowly with constant stirring: 

Commercial sulphuric acid 460 c.c. 


Fill lesL tubes, beakers, and flasks with cleaning solution and place pipets, slides, 
coverglasses. etc., in pans full of the solution and allow to remain twenty-four 
hours. To he followed by thorough i insing in running water to remove all traces 
of cleaning fluid. 

The fluid can be used repeatedly and when it appears to lose its strength more 
potassium bichromate and sulphuric acid should be added. It is, however, very 
corrosive and should not be used more frequently than necessaiy. 

PLUGGING TEST TUBES, PLASKS AND PIPETS 

1. Test tubes may be plugged as follows: Using a good quality, long-fiber 
cotton batting which is nonabsorbent, cut strips 1*4 to 2 inches in width; unfold 
the strips so that they are unifoimly one layer thick; dip one end of a glass rod 
(about 3 inches long and 3 mm. in diameter) in water, then proceed to roll the 
flat strip of cotton about the moist glass rod until a plug of sufficient size is ob- 
tained; tear plug away from the remainder of the cotton, rolling a few times in 
the fingers and insert into a test tube. Remove the glass rod from the center of the 
cotton plug by r turning a half turn in the opposite direction and withdrawing. 
The above method gives a w r ell-formed plug which will not flatten out when 
withdrawn and reinserted into the test tube. The cotton plugs for test tubes should 
he large and firm enough to exclude dust and germs, should project sufficiently 
beyond the tube for handling and be tight enough to permit the test tube to be 
lifted by the plug. 

2. In the case of flasks, the strips of cotton should be cut wider and may be 
rolled with the fingers to the proper size. 

3. In case it is desired to protect the interior of test tubes, flasks or other vessels 
from cotton fibers, a square of gauze or cheese cloth may be placed over the 
mouth of eacli vessel before inserting the cotton plug. This also allows support 
to the cotton plug in tire case of flasks with large openings which require a 
large plug. 

4. Added protection against contamination may be had by placing a piece of 
wrapping paper secured around the neck of the flask by means of cord. 

5. The mouth ends of pipets should be plugged with a small pledget of cotton 
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to protect the worker against accidental contamination of the mouth while pipeting 
micro-organisms. The small bit of cotton may I>e inserted into the bore of the 
pipet by means of a piece of wire or a hair pin. The cotton should not extend 
beyond the end of the pipet in such a way as to prevent placing the finger firmly 
against the end. Any loose fibers can be burnt off by passing the ends of the pipets 
through a gas flame. 

STERILIZING GLASSWARE 


1. Test tubes, Petri dishes, pipets and flasks should he perfectly dry before hot 
air sterilization (Fig. 197), to prevent breakage and reduce decomposition. Do 
not use moist beat. 
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from; cotlonV Do not allow, cotton plugs to. touch, the walls, of. the oven. : ; 

5. Heat for an hour at ,170° C;, arid then allow the sterilizer to cool to at least ' ;, ', '..V 

60° C. before opening: the door, to. prevent cracking by too sudden contraction of f . , 
theglassi . ■ ’• . V'..' . '<■ v -,v - 

6. -.While it is not imperative to sterilize test tubes and flasks before filling them .. 

with culture media, it is advisable to do so for ensuring better sterilization and for. . 
the purpose of molding the plugs for easier removal during bacteriological work.: , ' 

7. When’’ large amounts of glassware are to be sterilized, the use .of a good 

thermo-regulating valve on the sterilizer together with a recording-, thermometer 
are recommended. r* • , ■ ' ", 11 



CHAPTER XVII 

METHODS FOR THE PREPARATION OF CULTURE MEDIA 

Principles. — 1. Culture media are artificial foods for bacteria, containing 
soluble albumins, carbohydrates and other organic compounds os well as water 
and salts. Native proteins are probably not directly utilized nnd peptone is added 
to supply available nitrogen. Vitamin-like substances as well as other accessory 
substances present in blood, serum, ascitic fluid and fresh vegetable extracts help 
the growth of all pathogenic bacteria, especially streptococci, pneumococci, gono- 
cocci, B. pertussis, etc. Certain organisms such as the hemoglobinophilic B. in ♦ 
fluenzae require both the thermolabile V and the thermostable X factors in blood 
and vegetable tissues. Carbohjdrates and especially glucose may be required. 
Dyes may be added either as indicators of metabolic activity or because of their 
selective inhibitory action on some bacteria, thereby aiding in isolation of others 
(notably the colon-typhoid group) . 

2. Therefore a very large number of media have been described for meeting 
special requirements. Practically all have as a general basis an infusion or watery 
extract of meat (usually beef or veal). 

3. Heating for sterilization nnd filtering for clearing n/ferts meat infusion dele- 
teriously, nnd lo<t nutritive material is replaced in part by the addition of peptone, 
which is water-soluble and not precipitated by boiling; also by adding blood, 
serum, etc. Beef extract is generally inferior to fresh meat infusion because of the 
loss of nutritive substances due to prolonged beating in manufacture. It is, however, 
useful for the cultivation of the more hardy organisms and especially convenient 
for small laboratories. 

4. The method of sterilization of culture media is, therefore, an important 
matter. Autoclaving may destroy nutritive principles. Fractional sterilization in an 
Arnold sterilizer is generally to be preferred. 

5. Most pathogenic bacteria are quite susceptible to acids and alkalis and grow 
best in media near neutrality or slightly alkaline or acid to it. The meat bases arc 
more or less acid and usually require the addition of an alkali (sodium hydroxide I . 
Culture media tend to become more acid during sterilization because of hydrolvsis 
of some of the constituents. On the other hand, they may become more alkaline 
because of alkali derived from glass, especially if cheap, soluble glass containers 
are employed. 

6. Culture media may be (o) fluid (broth, milk, peptone water, etc.) ; (6) solid 
(agar, gelatin, coagulated serum or egg, etc.), or (c) semisolid (broth with small 
amounts of agar, gelatin or coagulated serum) ; the last are especially useful for 
carrying stock cultures. 
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7. The most important principles involved in their preparation are: (a) To 
^j^ecure the maximum amounts of growth-stimulating substances, and (6) for this 
purpose to adjust the final reaction to the optimum pH for the organisms to he 
cultivated; (c) to use the minimum degree of filtration; {d) to use the minimum 
amount of heat for sterilization. 

DEHYDRATED OR POWDERED CULTURE MEDIA 

Dehydrated culture media have been marketed for a number of years by 
the Digestive Ferments Company (Difco) in Detroit, Michigan. More recently, 
the Baltimore Biological Laboratory, Baltimore, Maryland, has also undertaken to 
manufacture such powdered media. These types of media are often very satisfactory 
and are especially to be recommended to small laboratories where a trained media- 
maker is not available. In larger laboratories the cost of such prepared media often 
becomes considerably higher than home-made media. For new methods of cultiva- 
tion, isolation, or description of bacteria, only media whose composition and 
\ method of preparation are fully known or described should be used. Prepared 
powdered media may be used for routine work only when they can be shown to 
behave similarly to the original media described for the purpose, 

BASIC CONSTITUENTS OF CULTURE MEDIA 

Peptones. — Peptones are peptic or tryptic digests of proteins. Most peptones in 
general use are prepared commercially and the exact methods of their preparation 
are kept secret. At present there are sold in the United States some 15 to 20 different , 
kinds of peptone. Most of these are either made from casein or from beef. Many 
of them seem to be much alike and it is safe to say that more than half of them 
could be eliminated to the great advantage of the bacteriological profession. The 
present peptone situation is unfortunate from a scientific standpoint. There is no 
necessity for having one of the most important ingredients of culture media of 
unknown composition and mode of preparation, rendering much bacteriological 
work of doubtful permanent or fundamental value. A classic example is Sabouraud 
Agar which now r cannot be duplicated. If Sabouraud bad given exact and detailed 
directions for the preparation of the peptone he used, his classical work on fungi 
would now 7 be of much greater value than it is. Media are constantly appearing 
in the literature in which not only peptone but many other proprietary products 
are specified. 

Unfortunately sufficiently fundamental and detailed work does not seem to have 
been made on the preparation of peptone to enable the bacteriologist to tell the 
manufacturer exactly how he wants his peptone made, or to enable him to make 
the best peptones for himself. A number of publications have appeared giving 
directions for the preparation of peptone, but none of these have been extensive 
enough to command the attention of bacteriologists in general. Peptones may be 
made from various proteins such as casein or various animal organs. Peptic digests 
are usually made by adding minced animal stomachs to the ground protein in an 
acid medium. The tempeiature is generally kept at about 50° C. and the process 
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of digestion controlled by making tests from time to time for various amino acids. 
The biuret test and tbc test for tryptophane are commonly used. Tryptic digests 
are made in slightly alkaline solution using pancreatic extract as a source of 
trypsin. If the digestion is carried out for more than 5-6 hours some preservative 
such as chloroform or toluol must be added. 

It is not always easy to decide what peptone to use for a particular purpose. 
Generally a considerable amount of comparative work must be done. In any 
formula for a bacteriological culture medium a statement should always be made 
as to what kinds of peptone were tested and which ones were found to be most 
suitable. 

Meat Extract. — Commercial meat extract is generally made from so-called 
“soup liquor” obtained from the pre-cooking of meat intended for canning. The meat 
for canning is placed in large iron baskets and suspended in tanks of cold water. 
The whole is then heated with steam for 30-40 minutes. The liquor from this 
process is evaporated on vacuum pans at a temperature around 160° F. for some 
4 hours. The concentrated extract is further evaporated in a kettle for some 8 hours 
or until the water content is down to about 22'/«. During this process the extract 
turns dark brown and all the sugar and gelatin in the original juice are destroyed. 
The exact processes used by various companies are more or less commercial secrets. 

Meat Infusion. — Meat infusion forms the basis of most of the richer bacterio- 
logical culture media. Such infusions are most commonly made from the muscle 
of beef, veal or pork, or from beef heart. The meat used should be absolutely 
fresh and is preferably bought directly from the abattoir. Autolysis of the meat 
during storage seems to develop toxic substances and inferior infusions are ob- 
tained from such meat. There are several methods in general use for making meat 
infusion. For all these methods, only fresh lean meat is used, which is ground 
in a meat chopper. Distilled water is added to the meat in the proportion of 2 parts 
of water to one of meat and the whole generally allowed to infuse overnight. To 
minimize bacterial growth and autolysis the water which is added to the meat 
should be very cold, preferably refrigerator temperature. The next day the mixture 
of meat and water is generally brought to a boil and the meat strained off. Some 
prefer to separate the meat from the liquid part while still cold and not allow the 
meat to be cooked with the infusion. After the coagulated meat is strained off the 
reaction is adjusted by adding alkali to about pH 8. The infusion is then cooked 
for a few minutes and filtered through paper. 

Recommended Procedure for Making Meat Infusion. — rresli, lean meat is ground 
and thoroughly mixed with 3 times its weight of distilled water. This is allowed 
to infuse at room temperature for 1 hour and then the whole mixture is cooked 
for 5 minutes. The cooked meal is removed by straining and the infusion filtered 
through paper. The reaction is then adjusted to about pH 8, the infusion cooked 
for 10 minutes, and filtered through paper. The volume is then restored to equal 
that of water originally added. 

There is a mistaken notion among many bacteriologists that “double strength” 
infusion can be made by using twice the usual amount of meat to th? same amount 
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of water. To illustiate the amount of “solids"’ obtained from various proportions 
of meat and water, and from allowing the meat to infuse for various lengths of 
lime, the following tabic shows the amount of alkali necessary to bring pH to 7.5, 
and the amount of solids in infusions made with vaiious ratios of meat and water. 
The ground meat was infused 1 hour and then cooked 5 minutes. Fresh pork was' 
used. 


TABLE I 



Amount of Water to 

100 Grams of Pork 


100 

! 

200 j 

300 

600 

c.c. of N/10 NaOII to 100 c.c. of infusion 

22 

34 

10.5 

5.5 

c.c. of N/10 NaOII to total infusion 

22 

28 

31.5 

33 

% of solids in the infusion 

2.12 

1.29 

0.975 

0.51 

Weight of total solids in the infusion 

2.12 

2.58 

2.925 

3.06 


In the following table is shown a comparison of the amount of alkali to bring the 
pH to 7.5, and the amounts of solids in 2 infusions prepared by different methods: 
2 parts of neater was added to 1 part of pork, infused 24 hours in the refrigerator. 
One infusion was made by squeezing the juice from the meat, and the other by 
cooking the meat with the water. 


TABLE II 


c.c. of N/1G NaOII lo 100 c.c. of infusion 

c.c. of N/10 NaOH to total infusion 

% of solitL in the infusion 

Weight of total solids in the infusion.... 


Squeeze Method 


. . « . 1 

12 

1 

15.5 

t 

24 

31 

.... 

089 

1.44 

.... j 

1.78 

2 88 


Cook Method 


Sug\r-Free Imtjsion (Fermented Infusion) . — As a base for fermentation 
studies with fastidious bacteria the meat infusion, not yet titrated and still acid, 
is generally inoculated with a culture of colon bacilli or yeast and incubated for 
15-18 hours. A better method seems to be to add a large amount of yeast in the 
form of baker’s or brewer's yeast and allow" the fermentation to proceed for only 
2 hours. By this method considerably less autol>sis or proteolysis takes place. 

Gelatin. — Gelatin is a protein obtained from bones, hornpiths, and indestock. 
The bones are not used raw but are first subjected to a chemical process which 
produces what is known as osseine, W 7 hich is the organic substance of bones. The' 
raw 7 bones are washed, crushed, and then degreased by means of benzine or carbon 
tetrachloride. The minetal substances of the bones (mostly phosphate) are then 
extracted by diluted acid, usually hydrochloric or sulphurous, or a combination 
of these tw T o. A valuable by-product, acid phosphate, is thus produced. The materia! 
left after extraction of the fat and mineral substances is called osseine , The osseine 
is subjected lo various treatments of washing, alkali treatments to destroy the last 
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traces of fat, mote washing, acid treatment to destroy the alkali, and finally 
washing to obtain a neutral product. The material is then plated In extraction 
tanks where the gelatin is extracted by means of warm water (130-200° F.). The 
thin gelatin solution (4-6%) is drawn off from the extractor and clarified hy 
filtration and settling. For Waking sheet gelatin the dilute solution is spread on 
drums or endless belts on which it is chilled, scraped off and placed on cotton or 
wire netting to dry. For making powdered gelatin the solution is generally con- 
centrated to 10-20% and hardened in molds. It is then cut into thin pieces and 
dried on cotton or wire netting. The sheets or pieces of gelatin are dried by warm 
air, generally at from 85° to 105° T. There is some variation in gelatin made by 
different processes. The most important from a bacteriological standpoint is the 
geling strength and clarity. The temperature and strength of acid used in the 
manufacture is probably responsible for any Io«s of geling strength. Gelatin media 
should not be healed more than is necessary. 

Agar-Agar. — Agar-agar is obtained from certain types of “seaweed” found 
along the Pacific coasts. The greatest part of the agar supply comes from Japan, 
while a limited quantity is produced in California. The agar is extracted from 
the seaweed by boiling water. The resulting agar solution is allowed to gel, cut 
into strips and frozen. The frozen strips of agar are then allowed to thaw out, the 
agar dried, and bleached in the sun. Much agar is sold for bacteriological pur- 
poses in the original strip form cut into 8-10 inch lengths. The quality of agar 
used by bacteriologists has undergone considerable improvement during the last 
few years. It is now possible to obtain agar which is ground to any desired fineness 
and which gives a perfectly clear solution in water. Powdered agar needs no pre- 
liminary soaking in cold water and goes into solution after only 1-2 minutes of 
cooking. 

For making streak plates concentrations of agar from 1.5 to 2% should be 
used. For pour plates the best concentration is 1.2 to 15%. Semisolid agar media 
generally contains about 0.3% agar. 

Due to the greater ease with which it goes into solution and the saving in time 
and effort by eliminating the necessity for filtration it is recommended that only 
powdered agar giving a clear solution in water be used. This is best obtained from 
manufacturers of bacteriological media such os the Digestive Ferments Company 
or the Baltimore Biological Laboratory. 

DETERMINING AND ADJUSTING THE REACTION OF CULTURE MEDIA 

Electrometric Methods of Determining pn of Media. — Electrometric meth- 
ods are the most fundamental methods of determining the reaction and for the titra- 
tion of culture media. All colorimetric methods must be standardized electro- 
metrically. While electrometric methods are more fundamental and accurate they 
also require greater care, more controls, and are generally too cumbersome for the 
small laboratory to use. This is especially true of the most fundamental method of 
all which is the u«e of the hydrogen electrode. By means of this electrode a direct 
measurement is made of the potential, or effective concentration, of hydrogen ions. 
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AH other methods, whether electrometric or colorimetric must be standardized 
against tire hydrogen electrode. * , 4 

The glass electrode and the quinhydrone electirode are simpler to use than the 
hydiogen electrode but have a limited usefulness. For titrating or determining the 
reaction of highly colored liquids, checking on colorimetric methods, etc., these 
methods aie useful and sometimes indispensable. 

For a detailed discussion of these meLhods the reader Is referred to such texts 
as Clark's Determination of Hydrogen Ions. For the average bacteriological labora- 
tory the colorimetric methods are sufficiently accurate and to be preferred. 

Method of Adjusting prr , — In the pn scale acid reactions scale lower than 
7 and alkaline reactions scale above 7. 

The pH of culture media is not increased or decreased in direct proportion to 
the amount of acid or alkali added. This is due to the action of buffer substances 
present in the media. 

Buffers iue substances which tend to inhibit a change in the pH when acid or 
alkali is added to a solution. Such substances as peptone, meat extracts, and 
phosphates have this inhibitory quality. Knowing tire pH of a solution, it is not 
possible to figure mathematically the exact amount of acid or alkali to add to 
obtain a certain lower or higher pH, because of the action of these buffers. 

Indicators are substances which when added to a solution assume a definite color 
at a particular pH. One indicator is useful only for a certain limited range of the 
pH scale. This is from the pH at which color begins to change to the pH 
"where the color change is complete, e.g., phenol red gives a yellow color in solu- 
tions with low pH (acid side); at a pH 6.8 it begins to change to a pale pink 
which is intensified until a red is assumed at a pH 8.4 (alkaline side) and above. 

It is obvious that seveial indicators are required to cover the entire pH range. 
But for the adjustment of eultuie media only two or three are required to cover the 
pH range usually employed. 

Color standards of the indicator can be prepared in standard buffer solutions 
to represent the shade of color obtained with a particular indicator at various 
points in the pH scale. However, these are difficult to prepare as each buffer solu- 
tion, which is usually a mixture of some acid and its alkali salt, should be very 
carefully tested by the electrometric method for checking the exact pH. 

Standard phosphate solutions (Sprensen) may be piepared as follows: 

1. Prepare a M/15 solution of disodium phosphate (Sprensen) 1 in ammonia- 
free distilled walei. 

2. Prepare a M/15 solution of monopotassium phosphate (Sorensen) 2 in 
anunonia-fiee distilled water. 

3. Mix the two solutions in various pioportions. measuring with extreme accu- 
racy; 3 

J . 2 These salts should he specially prepared for this purpose. They can , be obtained from 
reliable drug houses under the name of Sorensen’s potassium phosphate and sodium phosphate. 

s These mixtures are not stable and remain good for but tv/o to three weeks. 
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M/15 Sodium M/15 Potassium 


Phosphate, c.c. 


Phosphate, 

c.c. 

p« 

97.5 


2.5 

— 

8.3 

95.0 

+ 

5.0 

— 

8.0 

92.0 

+ 

8.0 

— 

7.8 

88.0 

+ 

12.0 

= 

7.6 

82.0 

+ 

18.0 

— 

7.4 

73.0 

+ 

27.0 

= 

7.2 

62.0" 

+ 

38.0 

= 

7.0 

50.0 

+ 

50.0 

= 

6.8 

37.0 


63.0 

= 

6.6 

26.0 

+ 

74.0 

= 

6.4 

18.0 

+ 

82.0 


6.2 

12.0 

4- 

88.0 

= 

6.0 


4. Unless the laboratory is especially equipped for preparing and testing the 
standard solutions, it is advisable to purchase them. Standard sets covering 
the range of any ol the indicators used in adjusting culture media can be purchased 
from laboratory supply houses 

The indicators most commonly used for bacteriological work are: 


Methyl red 
Bromcresol purple 
Bromthjmol blue 
Phenol red 


= red to yellow 
= yellow to purple 
— yellow to blue 
= yellow to red 


= pH 4.4 to 6.0 
= pll 5.2 to 6.8 
— pH 60 to 7.6 
= pH 6.8 to 8.4 


The bromcresol purple and bromthymol blue are used in 0.0 1 per cent; phenol 
red and methyl red in 0.02 per cent solutions ill 95 per cent alcohol. 

Colorimetric method using Buffer Standard. — 1. Materials required: (a) 
freshly distilled water (ammonia free); (/>) test tubes; (c) comparators block 
(Fig. 199) ; ( d ) several 10 c.c. pipets; (e) buret; (/) standard color tubes of the 
desired pH range (Fig. 200). 

2. Place 2 c.c. of the medium to be tested and adjusted in each of two test tubes. 
Add 8 c.c. of freshly distilled vfata to each. If the water Las been exposed to ait 
for some time before use or is not freshly distilled, it should be boiled and allowed 
to cool to below 40* C. just before use. If agar is to be tested it can be measured 
while liquid and diluted with warm water (not over 40“ C.) to prevent solidifica- 
tion. 

3. To one of the tubes containing diluted medium, add the same amount of 
indicator as used in the standard tubes (ordinarily 0.25 to 0.5 c.c.). Place the 
tube in the right front hole of the comparator block. 

4. The other tube of diluted medium is placed in the left front hole of the 
comparator block. 
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5. Fill a third tube with distilled water and place in the right back hole of the 
comparator block, which is therefore behind the tube containing medium plus 
indicator. 

6. Fiom the set of standaid color tubes select one which appears to match the 
tube of medium plus indicator. Place it in the left back hole, which is in back of, 
the tube containing medium only. Compare the colors by viewing through the 



Fic. 199.— Clark Fig. 200.— Lamotte Hydrogen Ion 

Color Comparator Set 


observation holes of the comparator block with either a daylight lamp or window 
furnishing light from the back of the block. 

If the colors do not match, select another standard tube either lighter or more 
intense in color as may be indicated, and again examine. 

Repeat this procedure until the tube is found. which matches. The pH value 
marked on the tube which matches indicates the pH of medium. 

7. To change the pH of a medium to another point in the pH scale, place die 
standard tube marked with the pH desired in the left-hand back hole and allow 
the other three tubes to remain in the same positions. 

8. Slowly and carefully add N/20 solution of sodium hydroxide drop by drop 
to the tube containing medium and indicator until the color matches die color 
standard tube of the desired pH. Note the amount of N/20 solution used. The 
addition should be made from a buret or pipet and carefully measured. It is 
necessary to mix at intervals during the addition of the sodium hydroxide, especially 
when approaching the end-point, in order to avoid adding an excess. 

9. To adjust the bulk of medium it is necessary to add to it sodium hydroxide 
in the same proportion as used to adjust the sarrtple tested. 

Suppose there are 2000 c.c. of medium to be adjusted to a pH 7.6, and that it 
required 0.3 of N/20 sodium hydroxide to bring the tube containing 2 c.c. medium 
and indicator to the same color as the standard tube marked pH 7.6. It would there- 
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fore require 300 c.e. of N/20 sodium hydroxide Vo adjust 2000 c.c. of medium. But 
the addition of this amount of N/20 would increase the volume too much, so it is' 
better to add one-twentieth of this amount or 15 c.c. of a N/l solution of sodium 
hydroxide. 

The following is a simple method for calculation. Let A equal the amount of 



Fic. 201 .— IIeluce CoLomsiETLn 

N/20 required to adjust 2 c.c. of the medium to the proper pH, and B the number 
of c.c. in the bulk of medium to be adjusted: 

A X B 

= c.c. of N/l sodium hydroxide to add to bulk of medium 

40 or 

A X 25 = c.c. of N/l sodium hydroxide to add to each liter of medium 

Colored Glass Standards.— A convenient type of pH colorimeter for large 
laboratories is the Hellige model (Fig. 201) containing permanent color standards 
as glass disks. The proper disk is inserted in the box and 10 c.c. of medium added 
to the tubes, one of which contains the indicator. A wide range of pH values may be 
determined rapidly by using the appropriate disk. A standard solution of indicator 
must be used. 

Gillespie Standards. — The method of Gillespie is perhaps the most reliable of 
the various colorimetric methods in that no standard solutions of any kind are 
required. The color corresponding to any desired pH is obtained by using a set of 
two tubes, one of which has 20 c.c. of dilute acid and the other 20 c.c. of dilute 
alkali. A certain number of drops of indicator is added to the acid and alkaline 
tubes. The ratio of the amount of indicator in the acid and alkaline tubes deter- 
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mines llie shade o£ color and hence the pH. when looking through both tubes. The 
indicator solution need not be of any exact concentration since the same indicator 
is added to both the standard and the unknown. In Table III is given the 
respective number of drops of various indicators to be added to the acid and 
alkaline tubes to obtain any desired pH. In this table is shown the pH obtained 
when various amounts of indicator is added to the alkaline and acid tubes. 


TABLE m 


Drop-Ratio 
Alkali: Acid 

pH 

MJR. 

pH 

B.C.P. 

pH, 

B.T.B. 

pH 

P.R. 

pH 

Thymol 

Blue 

2 18 

4.05 

‘5.30 

' 6.15 

6.75 

7.85 

.3 17 

4.25 

' 5.50, 

6.35 

“ 6.95 < 

8.02 

4 16 

4.40 

5:70 

6.50 

7.10 

8.20 

5 35 

4.50 

5.80 

6.60 

7.20 

8.30 

6 14 

, 4.60 

5.90 

- 6.70 

7.30 

8.40 

7 13 

4.70 

6.00 

6.80 

7.40 

8.50 

8 12 

4.80 

6.10 

6.90 

7.50 

8.60 

9 11 

4.90 

6.20 

' 7.00 

7.60 

8.70 

10—10 

5.00 

6.30 

7.10 

7.70 

8.80 

11 9 

5.10 

6.40 

' 7.20 „ 

7.80 

8.90 

12 8 

5.20 

6.50 

7.30 

7.90 

9.00 

13 7 

5.30 

i 6.60 

7.40 

8.00 

9.10 

14 6 

5.40 

6.70 

7.50 

8.10 

9.20 

15 5 

5.50 

6.80 

7.60 

8.20- 

9.30 

16 4 

5.60 ~ 

i 6,90 

7.70 

8.30 

9.40 

17 3 

5.75 

7.00 

7.85 

8.45 

9.50 

18 2 

5.95 

7.20 

8.05 

8.65 

9.75 


A comparator block with two sets of three holes in series is u^ed. These are 
sold by laboratory supply houses as the Gillespie Comparator Block. Large tubes 
of uniform diameter should he selected for use and graduated to 10 and 20 c.c. 
for convenience. Only 4-5 drops of N/10 acid or alkali should be added to the 
standard tubes since an excess of acid or alkali may change the color of the in- 
dicator. The medium to be titrated is diluted as desired and 10 c.c. placed in each 
of two tubes. To one of these is added 10 drops of the indicator and this is placed 
in the block in series with two tubes of water. The tube of medium without in- 
dicalor is placed in series with the color standard. 

Titrimetric Phenolphthalein Method. — The color changes of phenolphthalein 
are: 

(a) Colorless : medium is acid, 

(b) Faint pink: medium is neutral to phenolphthalein but actually on the alka- 
line side of true neutrality equal to pH 8.2 to pH 10.0. 

(c) Red : medium is alkaline. 

The plus sign is used for denoting acidity and the minus sign for alkalinity, 
according to Fuller’s method. 

1. The materials required are (Fig. 202) : 

(a) A buret (B) held in a clamp on a ring stand (A) 

( b ) Casserole (C) 
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(c) Glass stirring rod 

(rf) Normal (N/l) and twentieth normal (N/20) sodium hydroxide solu- 
tions 

(e) Indicator: dissolve 0J5 gram phenolphthalein in 100 c.c. of 50 per cent 
alcohol (0.5 per cent solution) 

2. Put 45 c.c. of freshly boiled and cooled distilled water and 5 c.c. of medium 
in the casserole. If agar is being titrated, have the 
water at about 40® C. to keep the medium fluid. 

3. Add 1 c.c. of indicator solution. As a general 
rule, there is no color change, indicating that the 
medium is acid. 

4. Place N/20 sodium hydroxide solution in the 
buret and record the reading or level. 

5. Add small amounts ol the sodium hydroxide so- 
lution to the medium, stirring briskly after each 
addition. 

6. Slop at the first Joint pink tinge. 

7. Read the buret and record. 

8. Subtract this reading from the first to give 
the amount of sodium hydroxide required for 5 c.c. 
of medium. Example: 2.1 c.c. N/20 sodium hydrox- 
ide used. The medium has an acid reaction recorded 
as -{-2.1 according to the Fuller method. 

9. If it is desired to render the bulk of the medium 
neutral to phenolphthalein, proceed as per the fol- 
lowing example: 

5 c.c. require 2.1 c.c. of N/20 sodium hy- 
droxide 

100 c.c. require 42.0 c.c. of N/20 or 2.1 c.c. 
of N/l sodium hydroxide 
1000 c.c. require 21 c.c. of N/l sodium hy- 
droxide 

10. A shorter method of calculation is- as follows. 
I«t A equal the amount of N/20 required for 5 c.c. of medium and B the bulk 

of the medium: 

— — c.c. of N/l sodium hydroxide required for rendering the bulk of 
medium neutral to phenolphthalein 

11. If it is desired to have the medium slightly acid to phenolphthalein, for 
example, -f-0.1, add 20 c.c. of N/l sodium hydrogen instead of 21 c.c.; if an end- 
point of -f- 0.2 is desired, add 19 c.c. of N/l, etc. 

12. This method, however, is only approximately correct because the buffer sub- 
stances present in the medium combine with some of the sodium hydroxide so 
that one does not know exactly how much acid lias been neutralized nor the actual 
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acidity of the medium. For this reason the hydrogen ion method of titration is to 
he preferred. * 

13. Few media ate naturally alkaline to phetiolphlhalein. that is, yield a red 
color upon the addition of this indicator. Bui in this event titrate with N/20 solu- 
tion of hydrochloric acid to determine the quantitj icquired for reducing to 
neutrality (faint pink color), and calculate as above. If, however, a medium has 
been rendered loo alkaline by the addition of too much sodium hydroxide, it is 
better to discard it than to reduce the alkalinity with hydrochloric acid, as this 
generally renders the medium unsatisfactory for the cultivation of sensitive bacteria. 

14. The above is the room temperature or standard method to be applied to the 
titration of culture media brought to the boiling point in preparation before titra- 
tion. If, however, the medium has been heated to only about 50° C. for dissolving 
the ingredients, it is necessary to boil the mixture of 5 c.c. in 45 c.c. of distilled , 
water for one minute before the titration is conducted (the boiling method) to 
allow for the chemical changes to which the bulk of medium will be subjected 
during sterilization. 

Methods of Determining Reaction of Bacterial Cultures. — To determine the 
reaction of bacterial cultures a special technic is not necessarily required. 
Certain factors, however, make it convenient and often advisable to use a special 
technic. This is especially true where the volume of the culture is small and 
repeated determinations have to be made. In such cases the sample for each test 
is very small and must be taken with aseptic precaution. In dealing with cultures 
of pathogenic bacteria the tubes must be sterilized upon completion of the test and 
this is often inconvenient with the usual technic. 

The simplest technic for determining the reaction of bacterial cultures seems 
to be that of Brown. A large platinum loop or Pasteur pipet is used to transfer a 
small quantity of the culture to a little glass cup filled -with distilled •water plus a 
drop of the desired indicator. Similar cups are filled with buffer solutions at 
various pHs and a drop of indicator added to each. The pH of the culture is 
determined by comparing the color in the cup with medium to the colors in the 
cups with buffers. By placing the cups on a plate of milk glass very accurate pH 
determinations can be made. The indicators are best made up in 60% alcohol 
solution. The indicator solutions should be titrated to the midpoint of their color 
range. The complete apparatus with directions is made by the La Motte Chemical 
Co. and may be bought from laboratory supply houses. 

Methods of Using Indicators in Culture Media for Showing Changes in 
Reaction Due to Bacteria. — To determine the reaction of bacterial cultures, es- , 
pecially in carbohydrate media for fermentation studies, indicators may be added 
to the media before sterilization. These indicators must not be toxic and should be 
relatively stable. Indicators can generally not be added to anaerobic culture media 
because they are reduced: 

(a) For media with a pH from 5.2 to 6.8 the best indicator is bromcresol 
purple, or cldorphenol red. The latter indicator is to be preferred. A concentration 
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of the indicator of .001% seems mo=t satisfactory (1 c.c. of a 1 % alcoholic solution 
per liter) . 

(6) For media with a pH from 6.6 to 7,6 the best indicator seems to he brant- 
thymol blue. The best concentration is 0.001% (1 c.c. of a 1% alcoholic solution 
per liter) « 

(c) Tor media with a pH from 7.1 to 8.4 the best indicator is phenol red in 
concentration of 0.002% (2 c.c. of a 1% alcoholic solution per liter). 

CLEARING AND FILTRATION OF CULTURE MEDIA 

1. Culture media should lie clear, but too fine filtration may remove growth* 
stimulating substances. 

2. Large particles may be removed by sedimentation as in the preparation of 
“hormone” or “vitamin” media: After heating, allow broth media to stand over- 
night in the icebox and decant or pipet off the supernatant fluid next day without 
disturbing the sediment. Allow agar to stand overnight in a straight side container; 

turn out, trim off and discard the sediment. The agar may 
also be allowed to sediment in a pot and may he removed 
with a spoon. The sediment on the bottom layer is trimmed 
off with a knife. The finer particles remain in suspension 
and no further attempt is made at clearing except filtration 
through a fine wire mesh. 

3. Clearing is also accomplished by coagulation of al- 
bumins during heating (boiling, Arnold sterilizer or auto- 
clave) with enmeshment of particles, or by adding an egg 
to each liter of medium to furnish coagulable albumin. 
Mix one egg in a pan with an equal amount of water and 
add. If dried egg albumin is used, dissolve 10 grams in 
20 c.c. of water and add. The medium is then healed in 
Arnold sterilizer for forty-five to sixty minutes or autoclaved for thirty 'minutes; 
ordinary boiling is not as good. Clearing with egg, however, should be avoided 
whenever possible because of the possibility of adding sulphur and fermentable 
substances tending to interfere with the growth of some organisms. 

4. For the filtration of broths and similar fluid media various grades of fine 
and coarse filter paper may be employed with a fluted funnel (Fig. 2d3) or a plain 
funnel with a wire rack inside. 

5. Agar and gelatin media must be filtered while hot and fluid. Place a small 
square of coarse wire netting in the funnel and cover the netting with a thin layer 
of absorbent cotton. Some pour boiling water through the cotton, but this is 
perhaps unnecessary and the water dilutes the medium. The agar is best poured 
through the dry cotton and filtered into flasks. By using preparations of agar which 
give clear solutions in water filtration of agar media can be sometimes omitted. 

STERILIZATION OF CULTURE MEDIA WITH HEAT 

1. Culture media may be sterilized by (o) heat (autoclave, Arnold sterilizer of 
water bath) or (b) filtration. Volatile disinfectants like chloroform may be used 
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for the preservation of serum, ascites fluid, etc., but chemical disinfection has not as 
yet been perfected. 

2. The minimum of heat should be used, as overheating may destroy growth- 
stimulating substances as well as caramelizing and hydrolizing sugars. 

3. Autoclaves should be equipped with thermometers, as the temperature is more 
reliable than pounds of pressure. In general terms the equivalents are as follows: 

5 pounds pressure 107.7° C. (226° F.) 

10 pounds pressure 115.5° C. (240° F.) 

15 pounds pressure 121.6° C. (250° F.) 

20 pounds pressuie 126.6° C. (260° F.) 

25 pounds pressure... 130.5° C. (267° F.) 

30 pounds pressure 133.5° C. (274° F.) 

4. Two kinds of autoclaves are available: (a) the upright for small laboratories 
(Fig. 204) and ( b ) the horizontal (Fig. 205) for larger laboratories. The former 



Pic. 201. — Vertical Autoclave Fig. 205. — Horizontal Autoclave 
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is heated with gas kerosene, electricity (special connection required) or flowing 
steam; the latter may Lc heated with gas or connected with a steam plant, Tho^c 
illustrated arc recommended and lull directions for operating arc furnished by the 
manufacturers. 



Fic. 206. — A rc< old SrnuuzEn or Double Doon Type 

5. Tor media in test tubes, sterilization at approximately 121° C. for 15 to 20 
minutes is sufficient; for media in bulk, thirty minutes are required. 

6. With either autoilare allow time for agar to melt before timing the period of 



sterilization. Allow autnclaie to cool before opening the door, as a sudden release 
of pressure may wet or blow the stoppers and crack glassware. 

7. The Arnold sterilizer (Fig. 206) furnishes streaming steam at 100® 0. and 
is especially recommended for routine use, as overheating is readily avoided and 
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likewise caramelization of sugars. The Arnold has the further advantage that the 
volume of liquid remains constant. 

Make sure that there is plenty of water in the pan to avoid the possibility of ... 
boiling diy followed by the melting of soldered joints with danger of file. 

Media in test tubes should be heated for twenty minutes ajter steam is produced, 
and hulk media for 45-60 minutes on each of three days in succession (fractional 
sterilization ) , allowing extra time for the melting of agar. Allow the sterilizer to 
cool befoie removing the contents. 




Fic. 209. — Mudd Filtration Apparatus Fic. 210. — Chamberland-Pasteur 

Filter 

8. W ater bath sterilization is adapted only for small amounts of serum, ascites 
fluid, tissue extracts, etc., to preve'nt coagulation. The material should be as free 
as possible from contamination. This method is valueless for killing spores. The 
water should be above the level of the fluid to be sterilized. The temperatures 
should be 60° C. for about two hours. 

STERILIZATION BY FILTRATION 

1. Filtration methods are mainly employed for the removal of bacteria from 
serum, ascites and hydrocele fluids, tissue extracts, etc., that cannot be sterilized by 
healing at 60° C. (as when spores are present), for separating the cellular from the 
soluble products of bacterial growth and for sterilizing solutions of carbohydrates. 
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2. The filters arc usually made of siliceous materials of negathe electrical charge 
and with pores small enough to hold back bacteria and spores (Berkefeld “W”— 
very fine; “N” = normal or medium, and “V” coarse for rapid filtration). 

3. Suction or pressure must be provided. For small filters requiring the filtration 
of but small amounts of fluid, the apparatus shown in Figure 207 is usually suf- 
ficient, suction being provided by a suction pump attached to a faucet (Fig. 2081. 

4. For the filtration of small amounts permitting a control ,on pressure and 

volume with the sampling of filtrate at 
any stage, the Mudd apparatus (Fig. 
209) may be recommended. 

5. For the filtration of large 
amounts, the Chamberland (Fig. 210), 
Mandler (Fig. 211) and Seitz (Fig. 
212) filters may he recommended. The 
larger sizes of these require suction or 
pressure pumps. The Ilaen is a new 
form employing a membrane. 

6. The filter candle and all attach- 
ments with which the filtrate will come 
in contact must be sterile. The gla«s- 
ware may be sterilized in a hot air 
oven; the candle and rubber connec- 
tions may be boiled for an hour or 
autoclaved. 

7. New candles should be cleansed 
before use by passing through distilled 
water, followed by placing in cold 
water and boiling for 30 to 60 minutes. 

It is sometimes advisable to test for impermeability to bacteria with a broth cul- 
ture of B. prodigiosus. 

8. Paraffin, petrolatum, and other oils must be carefully avoided, as they lend to 
increase permeability to bacteria. 

9. After use, candles should be cleansed by filtering through distilled water 
(to remove soluble and especially coagulable material) followed by sterilization by 
boiling (if infective material lias been used) and a light scrubbing of the surface 
with a fine brush. 


MCKNU1 
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Fic. 212.— S tin- 
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10. After continued use, candles become clogged (the average is approximately 
ten filtrations) and must be discarded. They may be heated to a glow, but this 
tends to produce cracks and increase their permeability. 

11. Before candle filtration the material should be first filtered through a fine 
filter paper or paper pulp to remove large particles and reduce clogging. 

12. Filters of the Mandler or Berkefeld types may be tested for gross leaks 
by immersing them in water and connecting them to a source of air pressure. A 
readily controlled source of air pressure may be obtained by slowly running 
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water from a tap into a large bottle provided with a rubber stopper. The inside 
of tiie bottle is connected tlnough the stopper with a mercury manometer and 
with the filter to be tested. The pressure of the air in the bottle is gradually 
increased by the inflowing watci and the manometer reading taken at which air 
bubbles first come tlnough the filter. Defective filters are readily noted by this 
means and a good idea is obtained as to the condition of the filter, A good 
Berkefeld N filter should not pass bubbles much below a pressure of 15 inches of 
mercury. 

FORMULAS AND DIRECTIONS FOR PREPARATION OF BACTERIOLOGICAL 

CULTURE MEDIA 

Principles. — The preparation of bacteriological culture media is fundamental 
to all bacteriological work whether routine or research. Much of the care and 
skill which goes into the preparation of food for human consumption should go 
into the preparation of culture media for bacteria. Media rooms should not be 
located in a dark and dusty basement, as i^ often the case, but should be modeled 
on a modern kitchen. The media maker should be trained in the principles of 
physics and chemistry as well as bacteriology'. 

When directions for the preparation' of media are carefully written, they should 
be followed to the letter. Only pure chemicals should be used except where 
specifically otherwise stated. All media should be prepared in scrupulously 
clean vessels preferably pyrex (or similar glass), enamel, or tinned copper 
Aluminum vessels should not be used because it has been found that they impart 
a certain toxicity to the medium. The reaction should be adjusted carefully, gen- 
erally to within 0.1 unit of the pH specified. Sterilisation should be carefully con- 
trolled as to time and temperature. In using the autoclave, it is especially 
important that all air be removed. It must be kept in mind that air is heavier 
than steam and that air pockets develop in the bottom of the autoclave and not 
in the top. It is also well to keep in mind that a loss of volume always takes 
place in the autoclave. 

Media sterilized in bulk should be stored in closed containers, preferably glass, 
unless intended for immediate use. Crown capped milk bottles are very con- 
venient and inexpensive for storing media. New bottles must always be heat- 
treated by pouring them full of boiling water and autoclaving before they are 
used for media. Tubed media are generally best stored in the refrigerator to lessen 
evaporation. The cotton plugs may also be removed following sterilization and 
replaced by sterile rubber stoppers. A better way is to push the cotton plug into 
the tube flush with the top and cover the end of the lube with a rubber cap 
previously dipped in 5% phenol solution. Paraffining the cotton plugs will also 
lessen evaporation. Concentrated sugar solutions can be kept from evaporating by 
means of a vaseline seal. By this means tubed media may be kept for many 
months following sterilization. 

In every media room .should be kept a book in which a detailed account is kept 
of each lot of medium prepared. Each batch of medium should be given a lot 
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number and a record should be kept of the make and lot number of every 
chemical which goes into the medium. The kind and age of the meat used should 
be recorded. The length of boiling, method of filtration, method of titration, 
amount of alkali or acid for the titration, pH before and after sterilization, method 
of sterilization, etc. should all l»e monied. Tidied media should he labeled with 
a paper label on which is stamped or written the lot number of the medium. 
When large numbers of tubes of media ore used over a short period of time, and 
if these media are simple and always made from the same basic ingredients, the 
tubes may he identified by staining the cotton plug9 with variously colored dye9. 

Peptone Water (Dunham Solution). — For indol test: 


Composition. — Peptone 5.0 gm. 

Sodium chloride 5.0 gm. 

Distilled water 1000.0 c.c. 

Adjust to pH 6.5-7.S. 


Ingredients . — The peptone should have a high tryptophane content. Among 
the peptones on the market Difco’s tryptone* nnd Wilson’s C (medo) peptone seem 
to be best. 

Method of Preparation . — Dissolve peptone and salt in distilled water by careful 
heating (always put water into the pan first and add the peptone to it rather than 
vice versa). Titrate to the desired pH, boil 10 minutes, adjust volume and filter 
through paper, if necessary. Tube nnd autoclave at 121° C for 15 minutes. 

Nitrate Peptone Water. — For nitrite test: 


Composition . — Peptone 10.0 gm. 

Sodium chloride . 5.0 gm. 

Sodium nitrate 0.2 gm. 

Distilled water 1000.0 c.c. 

Adjust to pH 6.5- 7.5. 


Ingredients . — Any peptone may generally be used. If medium is also to be used 
for indol test use same peptones as for Dunham’s peptone water. 

Preparation. — Same as peptone water. 

Comments . — A nitrate agar is also used for this test. Variations in composition 
are also found such as addition of beef extract, increase of nitrate concentration, 
and decreased peptone concentration. 

Hemo-Peptone Water. — For indol test with hemoglobinophils and other 
fastidious bacteria: 


Composition. — Peptone 5.0 gm. 

Sodium chloride 5.0 gm- 

Distilled water 1000.0 c.c. 

Defibrinated blood -20.0 c.c. 

Adjust to pH 7.3 -7.6. 


4 A widely u»ed and excellent medium for the indol lest is a 0.1 solution ol tryptone 
in distilled water at pH 7.Q 
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Ingredients .— Peptone same, :as peptone 'water! '. Defitrinated; blood from 
rabliit, ’.sheep, horse, 1 etc. J i '* V '■ -‘"^V^V'CvUv^G-Vr 4 ' . ,T y.-'-. • 

. Method of Preparation.— To peptone .water . add -2% defibrinated hlood (2 c.c.. 
to 100 c.c,. of medium).. Heat lo,.95 ? G. or. just to boiling. Filter through ;paper. / 
Sterilize by .filtralibn. through . a Berkefeld or other bacteriological • filter:. Tube r , 
aseptically into sterile tubes. Incubate at 37° C. for 3 days lb insure sterility. •' ■. 

‘ Nitrate Hemo-Peptone Water.— Hemo-pep tone water to wh ich is added 0.02% ■ : ~ 
sodium nitrate.-' y ' 'v ■ v 'V- 


Koser Citrate Medium. — For differentiation, between, fecal and soil types of 
colon bacilli: > y, v V. 1 - - y! 



Composition. — Sodium ammonium phosphate (dH 2 6) .- . .7 . T.5 gm... • .• : 

. Monobasic potassium phosphate .(anhydrous)....,. y ' . 1.0 gm. y .. 

- Magnesium sulphate (anhydrous) .... ... .• 0.2 gm. .. 

Sodium citrate (2H»0}-. ...... i.. . ^ i. ;,y3;0 gml Vv 

< Distilled, Water ..... . ... . . . . ... , , . 1000.0 c.c. 

Adjust to pH (5.7‘6.9 ■ • 


Ingredients.— Only C.P., chemicals should be used. ' . - 

Method of Preparation. -^Simply dissolve ingredients, tube, and sterilize at. 121° 

C for 30 minutes. No adjustment of reaction is, necessary. - ' t/ •• ' ,■ .C 1 

Malonate Medium (Leifson) .—For the differentiation of the aerobacler /and " ' 
escherichia groups of col onbacilli:,; 1 , • . ,, ' -v.. \ 


Composition.— Ammonium sulphate v . ...... ...v. . 2,0 gm. ; , - , . 

Dipotnssium phosphate — .............. 0,6 gm.- i . 

Monopotassium phosphate 0.4 gm. 

_ Sodium malonate . .'. ....... ; . J 3.0 ; gm. 

Bromthyinol; blue — .7... y 0.02 gin. 

' Distilled water A’ . . .... . . . . . . ... . . .1000.0 c.c. ; 

Adjust to pH 6.9-7:T.;V- - - .. 'v,’, 

• Ingredients.— Use. pure chemicals. - ‘ V 1 .. y , ' ':--Y 


Method of Preparation . — -Dissolve salts in distilled water and add 0.2 c.c. -of a 
1% alcoholic solution of bromthyinol blue to each 100 c.c.' of .medium. Tube , and : 
autoclave at 121 ° G.’ for 15 minutes. ' y : 

Methyl Red—' Voges Proskauer , Medium.— For- .the . differentiation f- of • the 
aerqbacter and eschcricia groups, of colon , bacilli: / .y _'y y 


Composition . — Peptone 

: . . Dextrose .i\ . 

Dipolassium phosphate 
, ' - Distilled water,,:-... :. . . 

Adjust to pH 6.8-7.1. ; 


. . -. .'. . /■ 5.0 gm. . 

•• y 5.0 gm. {■' ' <( 

5.0 gm. 

.. :... .idoo.o .c.c.' f i.;; 
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Ingredients . — It is probable tliat almost any peptone will do in this medium. 
Difco’s proteose and Witte peptone have been recommended. 

Method of Preparation . — Dissolve the ingredients in distilled water by careful 
heating. Titrate to required pH and boil for 10 minutes. Adjust volume and filter 
through paper, if necessary. Tube and autoclave at 121® C. for 15 minutes. 

Nutrient Broth— A.P.H.A. Standard Method. — Composition . — 

Peptone 5.0 pm. 

Beef extract 3.0 gm. 

Distilled water 1000.0 c.c. 

Adjust to pH 6.6-7.0. 

Ingredients. — Difco’s Bacto peptone and beef extract, or other peptones or beef 
extracts giving comparable results. „• 

Method of Preparation .— Dissolve the peptone and beef extract in distilled water 
by careful heating at about 65° C. Titrate to pH G.8-7.2, and bring to boil. Adjust 
volume and filter, if necessary. Tube and sterilize in autoclave at 121° C. for 20 
minutes. 

Extract Broth. — For general cultivation of the less fastidious bacteria. As basis 
for carbohydrate broths, etc.: 


Composition . — Peptone 10.0 gm. 

Beef extract 3.0 gm. 

Sodium chloride 5.0 gm. 

Distilled water 1000.0 c.c. 

Adjust to pH 7.0-7.5. 


Ingredients . — Any peptone giving good general growth such as Difco’s tryptonc, 
Wilson’s CB, Fairchild's, Parke-Davis, Armour, Pfanstiehl, etc. 

Method of Preparation . — Dissolve ingredients in distilled water by careful heat- 
ing. Titrate to desired pH and boil for 10 minutes. Adjust volume and filter, if 
necessary, through paper. Tube, and autoclave at 121® C. for 15 minutes. 

Extract Carbohydrate Broths. — For fermentation studies of aerobic bacteria: 

Composition . — Extract broth to which is added 0.5% or 1% of the desired 
carbohydrate, and indicator. 

Ingredients . — The best general indicator is chlorphenol red or bromcresol 
purple. If it is desired to use the medium at a high pH, such as 7.2-7.5, the best 
indicator is phenol red. The best concentration for phenol red is .002% (2 c.c. of 
a 1% alcoholic solution per liter). Chlor phenol red and brom cresol purple are 
best used in .001'/' concentrations (1 c.c. of a 1% alcoholic solution per liter). 

Method of Preparation . — Dissolve carbohydrate and indicator in extract broth. 
Tube (Durham tubes are generally used) and autoclave at 115® C. for 15 minutes. 
Some prefer to use the Arnold and sterilize by the intermittent method; however, 
there seems to be just as much hydrolysis of the carbohydrate by this method. 
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Infusion Broth. — For general cultivation of bacteria: 


J 

Composition . — Meal infusion 1000.0 c.c. 

Peptone 10.0 gm. 

Sodium chloride 5.0 gm. 

Adjust to pH 7.2-7.6. 


Ingredients . — Meat infusion is made from beef heart, or muscle of pork, veal, 
beef, etc., by any approved method (the simplest of which is given in this book) . 
The peptone should be one which gives good general growth of bacteria. 

. Method of Preparation . — Dissolve the peptone and salt in the meat infusion by 
careful heating. Titrate to desired pH, generally 7.6-7.8. Boil for 5 minutes, restore 
volume, and filter through paper. If the meat infusion has not- previously been 
autoclaved it is necessary to titrate and boil twice in order to stabilize the reaction. 
Even with two boilings the pH will drop at least .2 pH units upon autoclaving. 
Tube and autoclave at 15 pounds for 15 minutes. 

Fermented Infusion Carbohydrate Broth. — For fermentation studies with 
fastidious bacteria: 

Composition. — Fermented infusion broth to which is added 0.5 % or 1% of the 
desired carbohydrate and indicator, if desired. Generally, it is the practice to add 
no indicator. 

Ingredients . — The ingredients are the same as for extract Carbohydrate Broth. 

Method of Preparation . — For fermentation studies of the more fastidious bacteria 
(streptococci, meningococci, etc.) when the degree of acidity produced is generally 
not great, it is best to add the carbohydrates aseptically to the" sterile fermented 
broth. The carbohydrates are best sterilized in 10% water solution with a vaseline 
seal or rubber cap to prevent evaporation upon storage. After addition of the 
carbohydrate the tubes of medium should be incubated at 37° C. for 2 days to 
insure sterility. Durham tubes are generally not used with this medium because it 
is used mostly for the non-gas producing bacteria. 

Serum or Ascitic Broths. — General cultivation of fastidious bacteria: 

Infusion or extract broth to which is added aseptically 2-5% of blood serum 
or ascitic fluid. Tubes should always be incubated at 37° C: for 2 days to insure 
sterility. 

Serum or Ascitic Broths with Carbohydrates. — For fermentation studies 
with very fastidious bacteria: 

Either extract carbohydrate broth or fermented infusion carbohydrate broth 
is used as a base. The serum or ascitic fluid is added aseptically in 2 to 5% 
concentration. When maltase is used, the serum added must be inactivated by 
heating at 60° C. for 1 hour to destroy the maltase which it contains. 

Sodium Hippurate Broth. — For the test for hydrolysis of sodium hjppurate: 


Composition . — Infusion broth 1000.0 c.c. 

Sodium hippurate 10.0 gm. 
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Method of Preparation. — Dissolve the sodium hippurate in the infusion broth. 
Tube and mark level of medium with a “non-run” wax pencil or other means on 
each tube. Autoclave at 121° C. for 15 minutes. 

Huntoon's Hormone Broth (Modified). — For the cultivation of fastidious 
bacteria: 

Composition. — (A) Fresh ground beef heart. (Do not remove fat 


before grinding) 15 pounds 

Eggs 9 

* Distilled water 10 liters 

Stir the eggs in about one liter of water and then add to the meat and water. 
Stir occasionally while the mixture is slowly heated to 50° C. 

(B) Peptone 150 gra. 

Sodium chloride 37.5 gm. 

Distilled water 5 liters 

Bring to a boil and slowly add gelatin 150 gm. 

Method of Preparation . — When A has reached 50° C., add B. Stir thoroughly 


and bring to a boil. Do not stir after the first mixing. Boil ten minutes. Remove 
about 500 c.c. of fluid and filter through paper. 50 c.c. portions are placed in 
100 c.c. beakers. To each beaker is added an Increasing amount of N/l hydro- 
chloric acid. Begin with 0.5 c.c. and increase by 0.25 c.c. to 1.5 c.c. One of these 
amounts of hydrochloric acid will cause the maximum precipitate. An aliquot 
portion of hydrochloric acid is added to the main portion of the mixture. Boil ten 
minutes. Strain through a colander. (Do not filter through any organic material .) 
Autoclave at 121° C for 15 minutes. Pour into 6 liter glass jars and allow 
sedimentation to proceed for 21 hours at room temperature. The supernatant 
medium is siphoned off leaving the fat and sediment behind. The pH is adjusted to 
8.0 in the cold with N/l sodium hydroxide and the volume is made up to 15 
liters after the addition of the sodium hydroxide. Bring to a boil and pour into 
glass jars. In two or three hours the flocculent precipitate which has formed 
settles out. The supernatant is siphoned off into large flasks and autoclaved at 
121° C. for 15 minutes. It is advisable to store these flasks for several days so 
that it a precipitate lorms alter the autoclaving, the supernatant can again he 
siphoned off. Repeated autoclaving will not affect this medium. If this broth is 
properly made it will support a luxurious growth of gonococcus or meningococcus 
without the addition of any growth promoting substances, such as ascitic fluid. 

Glucose Brain Broth (Kosenow’s Modified). — For isolation of fastidious bac- 
teria, especially streptococci and microaerophilic bacteria: 


Composition. — Meat infusion 1000.0 c.c. 

Peptone 5.0 gm. 

Sodium chloride 8.0 gro. 

Glucose 2.0 gm- 
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Andrade’s indicator 10.0 c.c. 

Calf brain 
Marble 
Adjust to pH 7.0-7.5. 


Ingredients , — Nutrient broth is often used in this medium in place of the meat 
infusion and peptone given above. The peptone should be any peptone giving good 
general growth. 

Method of Preparation . — Dissolve peptone and salt in meat infusion by careful 
heating. Add indicator and glucose. Tube in fairly large tubes '(20 by 1.5 cm.), the 
column of broth to be about 12 cm. deep. Add 3 pieces of calf brain about 1 cm. sq. 
and 2 or 3 pieces of crushed marble to each tube (dip the pieces of brain in water 
before tubing to prevent sticking to the tubes) . Autoclave at 121° C. for 20 minutes. 
If the broth is to be used for blood cultures add 0.5% sodium citrate to prevent 
coagulation of the blood. 

Kracke Blood Culture Broth. — For isolation of fastidious bacteiia from 
blood: 


Composition . — Heart muscle extract 800.0 c.c. 

Brain suspension 110.0 c.c. 

Sodium citrate 1.0 gm. 

Dextrose 10.0 gm. 

Peptone ] 0.0 gm. 

Di-sodium phosphate 2.0 gm. 

Sodium chloride 4.0 gm. 


Method of Preparation. — 1. Mix the ingredients and heat until all are in 
solution. 

2. Adjust to pH 7.4. 

3. Place 50 c.c. in flasks and autoclave at 121° C. for 20 minutes. 

4. Heart muscle extract: 

(1) Ground beef heart (lean) 500 gms. 

(2) Distilled 1000 c.c. 

Place in refrigerator overnight. Press through four lasers of cloth gau/e. 
Heat the filtrate to the boiling point, and filter through small mesh wire 
gauze. 

5. Brain suspension: 

(1) Macerated beef brain 250 gms. 

(2) Distilled water 500 c.c. 1 

Place in refrigerator overnight. Filter through four layers of cloth gauze. 

Slowly heal the filtrate to the boiling point with constant stirring. Do not 
filter. 

Cooked Meat Medium. — For cultivation of anaerobes. 

Cut 500 gms. of lean beef or veal heart into small cubes and cover with distilled 
water. Bring to a boil and simmer over a low' flame for 1 hour. Strain off and set 
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aside the fluid infusion. Pass the meat three times through a meat grinder and then 
break up the particles by rubbing them between the hands. 

To the fluid infusion add sufficient distilled water to make 2 liters and mix it 
with the meat. Add N/l sodium hydroxide until the reaction of the supernatant 
fluid is pH 8.0. Weigh the medium in a tared vessel. Autoclave for 15 minutes. 
Restore the weight with distilled water. Readjust the reaction to pH 8.0. Boil for 
10 minutes. Restore the weight with water and readjust the reaction to pH 8.0. 
Boil again for 10 minutes. Restore the weight and if the reaction is more acid than 
pH 7.5, readjust to this reaction. 

Distribute into tubes, keeping the mixture well stirred so that there may be a 
uniform deposit of meat particles in each tube. Cover with a layer of sterile 
vaseline * and sterilize in the autoclave. Check the final reaction which should be 
about pH 7.1 and must not be acid. The repeated adjustment of reaction and boil- 
ing is necessary because the supernatant fluid contains little buffer whereas the 
meat particles slowly take up large amounts of alkali. The reaction of the mixture 
is difficult to stabilize. 

Glucose Broth. — For fermentation study of anaerobes: 

To infusion broth (unfermented) add 0.2% of glucose. Tube and cover with a 
la)er of sterile vaseline about 7 mm. thick. Sterilize in the autoclave. 

Starch Broth.— For fermentation study of anaerobes: 

To infusion broth (unfermented) add 0.2% of “soluble” starch. Tube and cover 
with a layer of sterile vaseline. Autoclave. 

Broth with Cube of Egg White. — For proteolytic study of anaerobes: 

From the white of a hard-boiled egg cut cubes of about 5 mm. Place a cube into 
each tube of infusion broth. Cover with a layer of sterile vaseline. Sterilize in the 
autoclave. 

Liver Infusion Medium (Cameron and Williams). — For general cultivation 
of anaerobes. Requires petrolatum seal and docs not cause much sporulation of 


anaerobes: 

Composition . — Liver infusion (as described below) 1000.0 c.c. 

Peptone 10.0 gm. 

Dipotassium phosphate 1.0 gm. 


Method of Preparation. — Steam 500 gm. of ground beef fiver with 1000 c.c. of 
tap water for 2-3 hours. Cool and strain through cheese cloth. Make filtrate to 
original volume and add 1% peptone and 0.1% dipotassium phosphate. Sterilize 
filtrate in flasks in autoclave for 30 minutes at 15 pounds pressure. Dry the tissue 
at 55-60® C. When the medium is needed, tube the infusion prepared above over 

B Vaseline is specified because not ali petroleum jellies are of the right consistency or 
melting point for this purpose. If bacterial spores are pre'Wt in vaseline they may not be 
lulled by autoclaving because, embedded within the vasetin, they are not subjected to steam 
(moist heat) and the temperature of the autoclave at 18 lbs. pressure is only about 125' C. 
Before use, therefore, the vaseline should be sterilized in the oven (dry heat) at 165° C. for 
2 hours. In our experience the vaseline may then be pipeted onto the nonsterile medium and 
then autoclaved without danger of contamination. 
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small chunks of the dried tissue and resterilize in autoclave at 121° C. for 15 
minutes. 

Corn-Liver Medium (McClung and McCoy). — For cultivation and isolation 
of all types of anaerobic bacteria without the use of petrolatum seal. Particularly 
adapted for isolation and study of bacteria causing spoilage of canned food: 


Composition. — Corn meal 50.0 gm. 

Dried liver . . . . . 20.0 gm. 

Distilled water *. 1000.0 c.c. 


Components. — Ordinary whole (yellow) corn meal is used. The dried liver is 
obtained by drjing at 55-60° C. the liver tissue obtained from the preparation 
of Liver Infusion (Cameron and Williams) and grinding. 

Method of Preparation. — Mix the corn meal, liver tissue and water, and steam 1 
hour. This is cooled and tubed as desired. The tubed medium is sterilized in the 
autoclave at 121° C. for 2 hours. The pressure in the autoclave should he reduced 
slowly to prevent blowing of the plugs. 

Milk Media. — Method of Preparation. — 1. Use fresh unpasteurized milk, pref- 
erably certified. 

2. Heat in Arnold sterilizer for 30 minutes. 

3. Place in refrigerator overnight. 

4. Remove the cream from the top or siphon off the milk from below the cream 
line. 

5. Tube and heat in Arnold at 100° C. for 30 minutes on three successive days. 

6. Litmus milk, or hromcresol purple milk is prepared in the same manner 
as plain milk except that a sufficient amount of litmus solution is added to produce 
a distinct blue color. Bromcresol purple is added in .001% concentration. 

Blood Milk. — For cultivation of hemoglobinophils: 


Composition .- — Sterile skimmed milk 1000.0 c.c. 

Sterile defihrinated blood 20.0 c.c. 

0.85% sodium chloride solution 100.0 c.c. 


Method of Preparation. — A. One liter of skimmed milk sterilized in the auto- 
clave at 121° C. for 15 minutes. 

B. 20 c.c. of sterile defihrinated rabbit blood in 100 
c.c. of physiological salt solution, heated just to boiling. Mix A and B with aseptic 
precautions and add sufficient saturated alcoholic solution of bromcresol purple 
to give the desired color. Tube aseptically and incubate for 3 days to test sterility. 

Selenite-F Enrichment Medium. — For isolation of typhoid and paratyphoid 
bacilli from feces and urine. 


Composition. — Sodium acid selenite (anhydrous) 4.0 gm. 

Peptone 5.0 gm. 

Lactose 4.0 gm. 
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Sodium phosphate (anhydrous) 1 0.0 gm, 

* Distilled 1000 0 c.c. 

Adjust to pH 7.0. 


Ingredients . — Most any general peptone is. satisfactory. 

Method of Preparation . — Determine r xjterintcnt.il! v the proportion of mono- and 
disodium plio«|>hate which together with the jteptonc and sodium acid selenite it ill 
give a pH of 7.0. The ingredients are dissolved in distilled water by gentle heal, 
tubed in about 10 c,c. amounts and sterilized in Arnold for not over 30 minutes. 

Bile Brilliant Green Broth. — For the detection of colon bacilli in milk and 


water. 

Composition , — Beef bile 200.0 c.e. 

Peptone 10.0 gm. 

Lactose 10.0 gm. 

Brilliant green (l r /c aq. solution) 13.3 c.e. 

Dkilltd water sufficient to give - * » * * 10QQJ) ex. 

Adjust to pH 7.2-7.4. 


Ingredients . — The brilliant green dye should he of highest purity. The brand 
of peptone is probably of minor importance and any good peptone will do. Dried 
beef bile is to be preferred to fresh bile because it is easier to handle and more 
uniform. 

Method of Preparation . — Dissolve the peptone and lactose in half the required 
distilled water. Add 20 gm. dehydrated ox bile or 200 c.c. of fresh beef bile. 
Measure volume and titrate to pH 7.4. Add brilliant green (13.3 c.c. of 1 c /i aq. 
solution per liter) and make up to 1000 c.c. Distribute into Durham tidies in 10c.c. 
amounts and autoclave at 121° C. for 20 minutes." 

Veal Infusion Broth. — For production of diphtheria toxin (A modification of 
the New York Slate Department of Health Laboratory Method) : 


Composition. — Veal, ground 500.0 gm. 

Peptone (proteose-Difco) 20.0 gm. 

Sodium chloride, C.P 5.0 gm. 

Maltose, C.P 3.0 gm. 

Sodium acetate, C.P 100 gm. 

Tap water 1000.0 C.c. 


Method of Preparation . — The veal is to be freshly killed, freed of all fat and 
ground. The meat is infused in tap water overnight in the refrigerator. On the 
following morning, the meat is steamed in the autoclave (or Arnold) at 100° C. 
until the meat is well cooked. Usually three hours is sufficient. The coagulated 
blood and the fat are removed. The material is then strained and filtered through 
(taper. This should produce a clear amber broth, which may be either light or 
dark, but clear. 

®lf it is desired to test 10 c.c. of water the concentration of ingredients mast be Increased 
to V/j limes that given. Such medium is tubed in 20 cc. amounts and 10 c.c. of water added. 
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Measure- tlie broth and, .dilute it to its -original'-; volume; Dissolve the proteose. ; 
peptone and. the sodium, chloride arid adjust tlie reaction to pH 7.8 to cresol red, - 
using normal sodium hydroxide. Heat to 80^ C. for 15 minutes. (Do not overheat.) ■ , ; " ' 
Filter through paper; and dilute to, original volume. A; '/, . , - A-A* ■ 

Add singly the maltose and sodium acetate in concentrated solution' to the broth, Av. ; 
warm to 80° C. arid filter while hot through a sterile Seitz; filter in 800 c.c. "amounts. ‘ ; 

into sterile toxin bottles. Incubate three days af,38°. C. ‘ for sterility. ,AAA'A ^ / ,f 
Tryptic Digest Broth^A-For production of diphtheria toxin (Pope and Smith)., - A'-.," 
Method of Preparation . — -The meat (horse or beef muscle) is freed from easily A - 
removed fat and minced; then 40 pounds are healed with 20 liters df water in’ a , 
steam cauldron to a temperature of 80° C., the mixture being occasionally stirred. 

When the temperature has reached 80° C. the steam is turned off arid ,40 liters of, 
cold water added. The reaction of- the mixture is 'noW adjusted -to pH 8.0 by mearis! , 
of anhydrous sodium carbonate, and the temperature is brought to 50° C. The 
trypsin emulsion is added in 150 c.c. quantities at : half, hourly- intervals,* a , total - ' 

of 12 such additions being made. Throughout the digestion the temperature is kept 
at 50° C. and the reaction at pH 8.0, the mixture being frequently stirred. " ’ 

At 6 hours, 600 c.c. of glacial acetic acid are added and. the ririxture brought -. , , 
to boiling point; vigorous boiling is. continued for 30 minutes, after which the 
digest is filtered through filter bags to remove' undigested material. - -. 

The medium is stored overnight in the cold room. It is then returned to the A A); 
steam cauldron, heated to 30° C. and the reaction adjusted to 'pH 7.0 with 40% 
sodium hydrate. Two ounces of baker’s yeast are emulsified in a small quantity of 
the medium and. then added to the main portion. -The temperature is maintained ; - - ' 
at about 30°- C. for one hour after which the . reaction is adjusted carefully, to V| 
pH 8.0. After increasing the temperature to 60° C., 0.3% maltose is added arid the .V 
medium is filtered through paper arid is then ready for distribution into bottles. - A';.' 

Trypsin Preparation . — The trypsin preparation, is based on the method of Cole A 
and OnslowA(;1916) : 800 gms. of pancreas (which has been - cleaned: and very - A 
finely minced) are added to 1000 c.c. of alcohol and 2400 c.c. of water. After. 3 days v 
extraction at room temperature, 0.1% of concentrated hydrochloric acid is added . A ) 
and the emulsion stored in the cold room. The whole emulsion is used for diges-A A 
lion: filtration on a large scale proved to be very slow and moreover the emulsion A 
appeared to be superior to the filtrate in its digestive action. ' - ! A 

Semisolid Media. — Media containing 0.2 to 0.3% agar are known, as semisolid/ : • 

and are coming into more and more general use for. various cultivation purposes'.- ‘ A; 
and studies, of fermentation. They seem to be especially ..useful in. the study of the .... . , 
rariaerobic bacteria (Spray) and in tlie' cultivation -and fermentation studies: of 
gonococci and meningococci... A ■ . A .. ‘ A.A . % A ' . -A -- ; ' 

Semisolid Medium for. Fermentation Tests.A-For fermentation .studies' with '.A’;',' >• 

gonococci and meningococci.; -A A • ..r--.- AA/.-AAvA * AA ',-A : 


Composition 


-Infusion broth (beef, .veal, etc.) or hormone broth 1000.0 c.c. 

- Agar. . .... ......... ... . ..... . . ............... :. * 2.5 ■ gm.- , ■ 
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Carbohydrate 5.0 gm. 

Phenol red (1 % ale. sol.) 2.0 c.c. 

Adjust to pH 7.1-7.6. - 


Method of Preparation . — Add agar to the infusion broth and allow to soak a 
few minutes. Dissolve by boiling. Adjust volume and titrate to pH 7.6-7.0. Add 
phenol red indicator (2 c.c. of 1% alcoholic solution per liter) and tube in 5 c.c. 
amounts. Sterilize in autoclave at 121° C. for 15 minutes. Before use, melt the 
agar in the tubes by placing in boiling water and add ascptically a sterile solution 
of the carbohydrates. The carbohydrates may be filtered sterile or sterilized in 10% 
water solution. 

Semisolid Agar. — ror the cultivation of meningococci. Same as Semisolid 
Medium for Fermentation tests without the carbohydrate or indicator, and with 
2'5% sterile scrum or ascitic fluid added. Addition of 5% fresh tomato juice, 
sterilized by filtration, Las, been found to enhance the growth. 

Nutrient Agar (A.P.H.A. Standard Method). — For enumeration of bacteria 
in milk and water. 


Composition.' — Peptone 5.0 gm. 

Beef extract 3.0 gm. 

Agar ’ 35.0 gm. 

Distilled water 1000.0 c.c. 

Adjust to pH 6.6-7.0. 


Ingredients . — The peptone should be Baclo or other peptone giving comparable 
results. The beef extract should be Difco’s or other giving comparable results. 

Method of Preparation. — Dissolve, the ingredients in distilled water by careful 
heating. Boil until agar is dissohed. Restore original volume and titrate to about 
pH 7.0, Heat to boiling and clarify, if necessary. Distribute into tubes or flasks 
and sterilize at 121“ C. for 20 minutes. 

✓“Extract Agar. — For general cultivation of bacteria: 


Composition . — Peptone 10.0 gm. 

Beef extract * . 3.0 'gm. 

Sodium chloride S.O gm. 

Agar 15.0 gm. 

Distilled water - 1000.0 c.c. 


Method of Preparation . — Dissolve peptone, beef extract and salt in water by 
careful heating. Titrate to pH 7.4-7.6 and boil for 10 minutes. Adju«t volume to 
original amount and filter through pdper. Add powdered agar and allow to soak a 
few minutes. Dissolve by Vhg for a few minutes and adjust volume. Tube as 
desired, and autoclave at ;»* C. for 15 minutes. If a poor grade of agar is 
used it may be necessary to filter through cotton. 

Sabouraud Dextrose Agar {Modified). — For cultivation and identification 
of fungi: • . 
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Composition , — Peptone . . . . . . ..... . ....... .....*. . , . . 10.0 gm. 

Dextrose .v. 40.0-gm., 

AgUI •■«»•'.’. .. i » * • „ , r , 15.0 gm. 

Distilled water .1000.0, c.c. , 

Adjust to pH 5.613.0. 7 ' }' ' • ' 

Ingredients .— The peptone which most resembles; Sabouraud’s /original, peptone 
is Fairchild’s. For most purposes other peptones will serve. OP dextrose is most 
satisfactory and is to be recommended for the sake of uniformity, '• _ f , ' . 

Method of Preparation . — If the peptone and agar used give clear solutions, in ; 
water the ingredients are all added to the desired amount of distilled water, allowed , 
to soak a. few minutes, and carefully heated to boiling. Boil for 2-3 minutes to ■ 
dissolve agar. (If’ peptone and agar give, turbid solutions in water they had .best . 
be dissolved separately from the, dextrose and filtered through cotton.The dextrose ,, 
is then added to the clear agar— peptone solution.) Adjust volume and' tube , as ■ 
desired. Autoclave at 121° C. for 10 minutes. Due to the hydrolyzing effect of 
acid on agar it is best not to autoclave the medium more than once. If it is necessary 
to remelt the medium this should be done as gently as possible. : 

Sabouraud’s Maltose Agar (Fisher and Arnold). — For the cultivation and' 
identification of fungi: . . 

Peptone 10.6 gm. / 

Maltose (technical) 4O.0 gm. 

Sodium chloride !. , 7.5 gm. 

Beef extract (Difco) ’ 3.5' gm. 

• ’ . . ’-.Agar ; 20.0 gm. , 

Distilled water ... . 1000.0 c.c. y 7 \ ’ 

• Adjust to pH 5.4. ‘ •. 

Cornmeal Agar. — For cultivation and identification of fungi: Heat 62.5 gm. 
of cornmeal in 1500 c.c. of water for one hour at 60° C. Filter through paper; 
adjust volume to 1500 c.c. Add 19 gm. agar .arid heat in Arnold sterilizeFone and 
one-quarter hour. Filter through cotton, tube and sterilize. The pH will’ be correct , 
without adjustment. . , - • ' ' ' 

Honey Agar.— r-For the cultivation and identification of fungi: ; ^ . ! , ' 

Honey 60.0 gm. ./ 

Peptone 10.0 gm. 

. Agar. . . .- . .’ . . . . ’ 20,0 gm. ', . \ , , i 

Distilled water *. . 1000.0 , c.c." . ' ^ 7 

. Adjust to pH 5.5. , , 7.7 

Sterilize by. the fractional method. ,,foh " 

Infusion Agar,— For general cultivation of bad&xiri: . p)’ r 1 Y : ’ 

Infusion broth '. ... ... . ■. .-. . .1000.0 c.c.,7 , \,7 

’■ ; ’ Agar -Vi-. . . . . . . ...... .‘. . 15.0 gm. ^- ' 

, Adjust to pH 7.2:7.6..', , . '7V ■ 7 ' ■ ' ' '-.7 ) "'7 7'7 i; .7 
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Use finely granular or powdered agar giving a clear solution in water. Add 
agar to broth and after soaking for a few minutes, heat carefully and boil for a 
few minutes to dissolve agar. Adjust volume and titrate to pH 7.6. If this docs not 
give a sufficiently clear medium, or if impure agar is Used, the agar may be filtered 
through cotton or allowed to sediment overnight as described under methods of 
clarification. 

Glucose Agar.— This may be made from cither infusion agar or extract agar 
by adding l^fi of glucose (or less. if desired). 

Glycerol Agar. — Tor cultivation of tubercle bacilli: 

Infusion agar to which is added 5'/< glycerol. Titrate to pi I G.fi. 

Extract Gelatin. — For study of. gelatin liquefaction: 

To extract broth add 15 Jo of gelatin. Heat in Arnold until gelatin is dissolved. 
Autoclave at 121° C. for 15 minutes. 

Infusion Gelatin. — For study of gelatin liquefaction: 

Prepared from infusion broth in same manner as Extract Gelatin. 

Lead Acetate Agar. — For study of hydrogen sulphide production: 

Peptone 20.0 gm. 

Beef extract 3.0 gm. 

Dextrose 1.0 gm. 

Basic lead acetate 0.5 gm. 

Agar 15.0 gm. 

Distilled water 1000.0 c.c. 

Adjust to pH 7.0. 

The peptone used should be rich in sulphur compounds (cysteine). Wilson’s 
B, Fairchild, Proteose, or Tryptone peptones arc suitable. 

Dissolve the peptone in distilled water by careful heating. Titrate to pH 7.2, boil 
a few minutes, and filter through paper, it necessary. To the peptone solutions 
add the dextrose and powdered agar. Allow agar to soak a few minutes and dissohe 
by boiling for 2-3 minutes. Adjust volume and add 10 c.c. of a 0.5$> aq. solution 
of basic lead acetate to each 100 c.c. of the agar. Tube and sterilize by autoclaving 
at 121° C. for 15 minutes. 

Russell’s Double Sugar Agar. — For differentiation of intestinal bacilli: 


Peptone 10.0 gm. . 

Beef extract 3.0 gm. 

Lactose 10.0 gm. 

Dextrose 1.0 gm. 

Sodium chloride ’ 5.0 gm. 

Agar 150 gm. 

Phenol red (l$> ale. sol.)., 2.5 c.c. 

Distilled water •••* 1000.0 c.c. 


To melted extract agar add the lactose and dextrose. Titrate to pH 7.6 and 
add .25 c.c. of a Ifo alcoholic solution of phenol red to each 100 c.c. of medium. 
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Tube so as to make a depth of medium of about 2 'A inches. Autoclave at 121° C. 
for 1 5 minutes. Cool in slanting position. Andrade’s indicaloi may be used instead 
of phenol red. 

Krumwiede Triple Sugar Agar. — For differentiation of intestinal bacilli: 
Prepared as Russell’s Double Sugar Agar with the addition of l c /o sucrose. 
Peptone Iron Agar. — -For study of hydrogen sulphide production: 


Peptone — 20.0 gm. 

Ferric ammonium citrate 0.5 gm. 

Dipoiassium phosphate (anhydrous) 1.0 gm. 

Agai 15.0 gm. 

Distilled water 1000.0 c.c. 

Adjust to pH 6.S-7.2. 


The peptone used should be the same as those recommended for lead acetate 
agar. 

The peptone, feiric ammonium citrate and dipotassium phosphate aie dissolved 
in distilled -water by careful healing. Titrate to pH 7.4. boil a few minutes and 
filtei through paper, if necessary. Add powdeied agar and aflei soaking a few 
minutes dissolve by boiling for 2-3 minutes. Adjust volume and dispense in tubes 
or flasks as desired. Autoclave at 12). ° C. for 15-30 minutes — depending upon the 
volume of the medium. 

Simmon’s Citrate Agar. — For differentiation among colon bacilli: 


Magnesium sulphate (anhydrous) 0.2 gm. 

Monobasic ammonium phosphate 1.0 gm. 

Dipotassium phosphate 1.0 gm. 

Sodium citiate (2FLO) 2.0 gm. 

Sodium chloride 5.0 gm. 

Agai 15.0 gm. 

Bromthymol blue (1% ale. sol.) 2.0 c.c. 

Distilled v aler 1000.0 c.c. 

Adjust to pH 6.9-7.1. 


Dissolve the salts in distilled water and add powdered agar. Allow to soak a few 
minutes and then boil 2-3 minutes to dissolve. Titrate to pH 7.2. Add 0.2 c.c. 
of a 1%- alcoholic solution of biomthymol blue per 100 c c. of medium. Adjust 
volume and tube as desired. Autoclave at 121° C. for 15 minutes. 

- Phenol Red Tartrate Agar. — For differentiation among the paratyphoid 


bacilli: 

Peptone . . . . 10.0 gm. 

Sodium potassium tartrate 10.0 gm. 

Sodium chloride 5.0 gm. 

Agar - 15.0 gm. 

Phenol led (1 ale. sol.) 2.5 c.c. 

Distilled water 1000.0 c.c. 
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Adjust to pH 7.6. Dissolve the salts and peptone in distilled water by careful 
heating. Titrate to pH 7.0. Add powdered agar and allow to «oah for a few min- 
utes. Boil for 2-3 minutes to dissolve agar. Add 0.25 c.c. of a 1% alcoholic solution 
of phenol red. Adjust volume, luhc and autoclave at 121° C. for a period of 15 
minutes. 

Infusion Agar with Blood, Ascitic Fluid, Serum, etc. — For cultivation of 
fastidious bacteria, and differentiation among streptococci: 

To melted infusion agar at 45-50° C. is added aseptically 5-10% of defibrated 
blood, ascitic fluid, or serum. Distribute aseptically into sterile tubes or plates. 
Incubate at 37® C. for 24-48 hours to test sterility. 

Heated Blood Agar ("Chocolate” Agar). — For cultivation of fastidious bac- 
teria (hemoglobinophits) and differentiation among streptococci: 

To melted infusion agar at 90-95° C. is added 5-10% of sterile defibrinated 
blood. Keep well mixed until it cools to 60' C. and then distribute aseptically 
into sterile tubes or plates. Incubate at 37® C. for 2-1-48 hours to test sterility. 

Pertussis Blood Agar, — For isolation of //. j/ertussis: 


Potato infusion 500.0 c.c. 

Gycerol 40.0 «\c. 

Sodium chloride (0.6$ solution) 1500.0 c.c. 

Agar 50.0 gm. 


Pass peeled “old” potatoes through the meat grinder and immediately (to pre- 
vent oxidation) cover 500 gms. of the pulp with 1000 c.c. of distilled water. Add 
40 c.c. of pure glycerol. Mix and then autoclave for 30 minutes at 15 pounds 
pressure. Filler through gauxe. To each 500 c.c. of the filtrate add 1500 ex. of 
0.6% sodium chloride solution and 50 gms. of agar. Autoclave to dissolve the agar 
and stir thoroughly as it comes from the autoclave. Distribute into tubes, bottles 
or flasks. Sterilize in the autoclave at 121® C. for 15 minutes. 

For use in the isolation or cultivation of H. pertussis melt the agar medium and 
when cooled to 50° C. add approximately an equal volume of sterile (not too 
cold) defibrinated blood. Mix thoroughly and pour into Petri dishes or slant in 
test lubes. 


Slants to be used for the cultivation of pure cultures should be incubated to test 
sterility. Plates to be used for the isolation of II. pertussis by having a patient 
cough against them should be freshly poured and under these conditions the 
presence of a few air-borne contaminants is not likely to be confused with the 
growth of II. pertussis. 

Sodium Oleate Agar (Avery), — For the isolation of influenza lmcilli: 

A neutral 2% solution of sodium oleate is prepared and sterilized in the auto- 
clave. Defibrinated human or rabbit blood is centrifuged, the 6erum removed, and 
the cells made up to original blood volume with broth. To 9t c.c, of infusion 
or hormone agar at pH 7.4 is added 5 c.c. of the sodium oleate solution to which 
has been added 1 c.c. of the blood cell suspension. 
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Tomato Jllice Agar.— For. the cultivation of B. acidophilus: • : ' 'vC JV; ., 

Tomato juice (from canned tomatoes) '.V. ;' 4(W.O ;c.Ci 

• ! u . Peptonized milk,, (Difco)v. ....... ,m . ' 10;0 gm.;- V’’ 

'■'. Peptone ;v ': . . . .P.'.'. . . . — . 15.0 gm! "l.‘- .//, V: 

Agar ■ ... .... *■ . ... . • • ■• ■» • • v 1 11.0 -gm.- , \ , *-• *- ■, ■ 

Distilled water ( 600.0 c.c ■ 

1. The tomato juice is ' obtained from commercial canned tomatoes!.' Pour the.-' 

contents of the can into a large funnel with a coarse filter paper. Use the clear , • 
yellow juice filtrate. '■ : ■ ■ . ■ - ' ‘ 

2. Heat the mixture of tomato juice, peptonized milk and peptone to dissolve 

the ingredients. ' '• ■. O . . : \ h '.!■'■<" •; 

3. Adjust the reaction of this mixture to pH 7 6.8, before adding the agar r to it. - 

Filter through paper. The final pn after sterilization will be about 6.6. ; . 

4. Add the agar to the water and boil. or autoclave to dissolve. the agar. ; . . . ■ 

5. Combine these two mixtures while hot. " V , ' £ '' ■"'.!; >. '■ 

6. Filter through cotton. ’ . . . 

7. Dispense in tubes or flasks and sterilize in the autoclave at 121° C. pressure . 

for 8 minutes. Remove the medium from the autoclave as soon as. possible. . : . !, : , 

Liver Infusion Agar.— For cultivation and isolation of Brucella: . - -/P' 


Liver infusion ................... . . ... 500.0 , c.c. 

Peptone 10.0 gm. 

Sodium chloride . . , 5.0 gm. • ? - ' ", 

Agar ;.i. 20.0 gm. ■; 

Distilled water i . f ..... 500.0 c.c! . .• - « • 

Adjust to pH 6.6. - , . . t ‘ • .* 

A. Liver Infusion — Fresh beef liver, free from- fat, is ground and mixed .withy,’;- 
500 c.c. of water. (Huddleston specifies tap water but such water being variable it 
may be better to use distilled water) . The mixture is heated in- flowing, steam for 

20 minutes when it is thoroughly stirred. The heating is then. continued in flowing 
steam for l^/o hours. Filter through Avire screen! . . • . 

B. Add the solid ingredients to the . infusion and water and heat in. Arnold for 

1 hour. Remove and cool to •60“ VC. and adjust pH to 7.0. Heat;. again,. in Arnold , 
for one-half hour. Decant ofL the clear agar. Put into tubes or flasks and sterilize 
at 121° C. for 30 minutes. The final pH will be about 6.6. 1 j ^ ' 

Cystine Infusion Agar.— For cultivation of 'Bact. lularehsis and the Brucella: 

Infusion agar y.. ; . .• 500.0 c.c. ; - ' , v , 

Glucose - 4.. : ’ y 5.0 gm., ■ - * ,, . f 

Cystine . . . .--V-. ; . ; 0.5; gm.- .1 '* , - 

, -Defibrinated rabbit, blood i 25 . 0 - ci^y! ; •. 

Adjust to pH 7-4- 
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Add tlie glucose and cysline to the melted agar and sterilize in Arnold for IS 
minutes with frequent shaking to dissolve the cystine. Cool to 45° C. and add the 
blood with aseptic precautions. Tube and slant. 

Loffler’s Medium. — For isolation and cultivation of diphtheria bacilli. For 
study of pigment production and proteolysis: 

Serum (horse, beef or sheep) 3 parts 
Extract glucose broth 1 part 

Mix glucose broth and scrum gently to avoid foaming. Tube in 3 to 5 c.c. 

amounts. Place the tubes in a slanting 
position in the autoclave with the layer of 
tubes not more than four deep. With the 
autoclave tightly closed the steam is turned 
on and pressure allowed to yeaclt 15 
pounds, where it is held steadily for 10 
minutes, letting no air or steam escape. 
Now open the outlet valve to let air escape 
and simultaneously let in steam to keep 
the pressure constant. When all the air has 
escaped clo«c the valve nnd sterilize at 
121° C. for 20 minutes. The medium may 
also be coagulated nt 00-90* C. in an in- 
spissalor (Fig. 213) or Arnold, after which it is sterilized by heating to 100° C. 
for 20 minutes on 3 successive days. 

Tellurite Cystine Agar. — For isolation of diphtheria bacilli: 


Pork infusion agar (pH 7.4) 1000.0 c.c. 

Potassium tellurite (sterile 1.06% aq. sol.).. 5.0 c.c. 

Cysline (sterile 0.25% aq. solution) 5.0 c.c. 

Defibrinated blood 10.0 c.c. 


Pork infusion agar is prepared from fresh pork muscle ns described for meal 
infusion agar with 1.7% agar. Melt agar and add the other ingredients ascplically. 
Pout into plates as needed* 

Tellurite Chocolate Agar (Anderson, Happold, McLeod, and Thomson). 
— For isolation and differentiation of diphtheria bacilli: 


Meat infusion (special) 1000.0 c.c. 

Peptone 20.0 gm. 

Sodium chloride 5.0 gm. 

Potassium tellurite 0.5 gm. 

Agar 20 0 gm. 

Defibrinated blood 100.0 c.c. 

Adjust to pH 7.6. 
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A. Preparation of meat infusion: Add 800 gms. of fresh ground meat (kind 
not specified) to 1000 c.c. of water at 48° C. and keep at this temperature for 
1 hour. Squeeze out juice through lint and leave juice in ice chest overnight. 
Filter through paper. ‘ ! 

R. To the above infusion add the peptone and salt, and dissolve at 45° C. 
Adjust reaction by removing 50 c.c. sample. Heat this to 30-90° C. for 15 minutes 
and filter through paper. Titrate 10 c.c. of the filtrate to pH 7.6. Add required 
alkali to main batch. Filter through a Seitz K clarifying film, and then through 
a sterile Chamberland filter. Dispense aseptically into tubes or flasks and incubate 
same for sterility. Mix equal parts of this broth with sleiile 5% agar solution. 
Add blood and tellurite. Heat at 75° C. for 10-15 minutes before pouring into 
plates. 

Testicular Infusion Agar. — For isolation and cultivation of gonococci and 


meningococci: 

Testicular infusion 500.0 c.c. 

Peptone — 1 0.0 gm. 

Sodium chloride .‘ 5.0 gm. 

Dextrose 5.0 gm. 

Agar 20.0 gm. 

Distilled water 500.0 c.c. 

Adjust to pH 7.4-7.6. 


Use only fresh beef testicle. Neopeptone has been found satisfactory. Other 
good peptones are probably satisfactory. 

Add the powdered agar to 500 c.c. of distilled water. Allow to soak for a -few 
minutes and boil until dissolved. Dissolve the peptone, salt, and dextrose in the 
testicular infusion by gentle heating at 50° C., preferably in a pyrex vessel. 
Filler through paper if necessary. Mix the two solutions and adjust the volume 
to 1000 c.c. Titrate to pH 7.6-7.S (the final pH must not be below 7.4). Sterilize 
in tubes or bottles by steaming at 100° C. for 30 minutes on 2 consecutive days. 
Incubate at 37° C. for sterility'. 

Preparation of Testicular Infusion. — Fresh, fat-free beef testicle is weighed and 
ground. Add the ground testicle slowly to an equal quantity of boiling distilled 
water, and boil for 15 minutes. Strain and filter through paper. Standardize the 
broth by placing 10 c.c. in a porcelain dish with 25 c.c. of distilled water. Pre- 
pare a similar control dish. Add 5 drops of a 0.5% absolute alcoholic solution 
of thymolthalein to each dish. Titrate the one dish to a faint blue with N/10 
NaOH. Add the calculated amount of N/l NaOH to the bulk of the broth to bring 
it to die same pH (9.3). Heat at about 50° C. for 10 to 20 minutes for the 
phosphates to precipitate. Filter through fine paper and measuie quantity. Adjust 
reaction to pH 7.9-8.0. Place in flasks and sterilize by steaming for 30 minutes 
on two consecutive days. Incubate to test sterility. 

Potato Medium. — For differentiation of bacteria: ' 

Wash and peel large potatoes. Cut out cylindrical pieces with a cork-borer. 
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Then cut the cylinders diagonally with a knife so as to make slants. Immediately 
immerse the slants in distilled water. Change the water several times and soak the 
slants overnight in the refrigerator. Wash the slants again in fresh distilled water. 
Place the slants into test tultcs and sterilise in the autoclave. 

(The washing and soaking of the potato in water serves to prevent darkening of 
the potato. A small pledget of wet absorbent cotton in the end of each tuhe below 
the potato slant will help to prevent drying during storage.) 

Dorset Egg Medium (Modified). — For cultivation of tubercle bacilli: 

Soak 6 fresh eggs in 1:1000 mercuric chloride solution and allow the anti- 
septic to drain oil on a sterile towel. 

Break the eggs carefully and, as nearly ascptically as possible, add the yolks 
and whites to 100 c.c. of sterile 5% glycerol in distilled water contained in a wide 
mouth flask or beaker. Break up the yolks and mix thoroughly by means of a 
sterile spatula and by shaking the flask hut avoid foaming. Tube, slant and 
inspissate for about 2 hours at 70-75® C. on three successive dajs or slant in a 
horizontal autoclave, close the autoclave tight and, without allowing the air to 
escape, autoclave at 121® C. for 15 minutes on each of three successive days. 
The original Dorset medium did not contain glycerol but there are many modifica- 
tions of the medium. The one described resembles that of Soparkar (Ind. J. Med. 
Res., 1916-17, iv, 28) except that it contains less egg. 

Petragnini Medium.— For isolation of tubercle bacilli: 


Potato (peeled and cut into small pjeeccs) 75.0 gm. 


Milk (cream removed) 150.0 c.c. 

Potato flour 6.0 gm'. 

Peptone 10.0 gm. 


Mix and heat in a double boiler for ten minutes witli frequent stirring. After 
mixture becomes pasty, continue to heat for one hour. Add sterile distilled water 
to make up volume. Cool to 50* C. To above add the following mixture: 


Eggs (whole) 4 

Egg yolk 1 

Glycerol 12 c.c. 

Malachite green (2.0% aqueous) 10 c.c. 


Mix thoroughly and filter through sterile gauze into a sterile distributing funnel. 
Distribute into rather large test tubes. Place in a slanted position in an inspissator 
or Arnold and heat for two hours at from 70 to 75® C. on three successive day*. 
Whey Agar. — For cultivation of lactobacilli (acidophilus, etc.) : 

Skim milk 1000.0 c.c. 

Peptone 5.0 gm. 

Agar 15.0 gm. 

Adjust to pH. 6.0-6.5. 

Autoclave the skim milk for 3-4 hours at 15 pounds of pressure. Filter off the 
precipitated protein and to the clear filtrate add 0.5% peptone and 1.5% agar. 
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Ferric ammonium citrate 2.0 gm. 

Neutral red (certified) 1 r /i aq. sol 2.0 c.c. 

Distilled water 1000.0 c.c. 

Adjust to pH 7.3-7.5. 


The best peptone to use is Wilson’s B peptone because with litis peptone colonies 
of typhoid bacilli are characteristically translucent while with other peptones they 
are opaque. Proteose is good but gives opaque typhoid colonies. 

To the specially prepared pork infusion add 1% peptone and dissolve by 
gentle beating. Titrate to pH 7.5, boil and filter, if necessary. Add powdered agar 
and dissolve by boiling. Dissolve the sodium desoxycholate in distilled water to 
make about a 20% solution. Add this solution to the melted agar and then the other 
ingredients, except the neutral red, in the order given. Adjust volume and titrate 
to pH 7.3-7.5. Add neutral red (2 c.c. of a 1% aq. solution per liter). Tube in 
15 c.c. amounts and sterilize in Arnold for 15 minutes, or, preferably, heat to 
boiling and pour directly into plates. Store in refrigerator in the dark. Heat is 
detrimental to medium and the less it is heated the belter. 

Preparation of Pork Infusion . — To fresh, lean, ground pork is added 3 times 
its weight of water 8nd % c.c. of N/l I1C1 per 100 grams of meat. Mix meat and 
water and allow to infuse for about 1 hour and then boil for 5 minutes. Strain, and 
filter the cooled infusion through paper until clear and Iree of visible fat. Add 
alkali to bring pH to 0.0, boil 10 minutes and filter through paper. Restore volume 
to that of water originally added and titrate to pH 7.4. Tube in measured amounts 
and autoclave. Any precipitate which forms should be filtered off before use. 

Desoxycholate Lactose Agar. — For direct enumeration of colon bacilli in 


milk and water: 

Peptone 10.0 gm. 

Agar 15.0 gru. 

Lactose 10.0 cm. 

Sodium desoxycholate 0.5 gm. 

Sodium chloride 5.0 gm 

Sodium citrate 2.0 gm. 

Neutral red (certified) 1% aq. sol 3.5 c.c. 

Distilled water 1000.0 c.e. 


Use a good general peptone such as Wilson CB, Proteo'e, Fairchild, etc. 

Dissolve peptone in distilled water by careful heating and titrate to pH 7.3-7.5. 
Boil and filter, if necessary. Add powdered agar and dissolve by boiling. Dissolve 
other ingredients in the melted agar, adjust volume and check pH (7.3-7.5). Add 
neutral red (3.5 c.c, of a 1% aq. solution). Dispense in lubes or flasks as desired 
and autoclave at 121° C. for 15-30 minutes depending upon volume. 

Triple N.N.N. Medium. — For the cultivation of the Leislimania (Novy, Mac- 


Neal and Nicolle) : 

Agar 14.0 gm. 

Sodium chloride 60 gm. 

Distilled water 900.0 c.c 
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After tubing and sterilizing in the autoclave, the medium is cooled to about 
50° C., and one thiid volume of sterile whole rabbit blood is added. After mixing 
veil the tubes aie set in slants. No ndju c tment of pH. 

Locke-Egg Serum Medium.— For the cultivation of protozoa: 

1. Take four eggs, wash with lap water, brush with alcohol, and carefully break 
into a sterile flask containing glass bcad«. 

2. Add 50 c.c. of Locke's solution. 

3. Shake the mixture until the egg is thoroughly broken up. 

4. Pour into test tubes a sufficient quantity to produce a slant 1 to 114 inches 
in length. 

5. Slant the tubes in an inspissator, heat at 70° C. until the mixture is solidified. 

6. After complete coagulation, autoclave at 121° C. for 20 minutes, or by frac- 
tional sterilization in the Arnold. Care must he taken to raise the temperature 
in the autoclave very slowly. Care likewise must he exercised to allow the 
autoclave to cool slowly. 

7. Cover the media in the tubes with a mixture pxepared as follows: Take equal 
parts of sterile Locke’s solution and sterile inactivated blood serum. Mix and pass 
through a Berkefeld filter. Incubate the mixlure to determine sterility. If sterile, 
the mixture is ready to be added to the lubes. 

Formula o) Locke's Solution . — 


Sodium chloride - 9.0 gm. 

Calcium chloride 0.2 gm. 

Potassium chloride 0.4 gm. 

Sodium bicarbonate 0.2 gm. 

Glucose 2.5 gm. 

Distilled uater 1000.0 c.c. 


Solution is filtered and autoclaved at 121° C. for 15 minutes, and allowed to 
cool before use. 

Long’s Synthetic Medium. — For the cultivation of tubercle bacilli. 


Asparagin 5.0 gm. 

Ammonium citiale 5.0 gm. 

Potassium acid phosphate 3.0 gm. 

Sodium carbonate (anhydrous) 3.0 gm. 

Sodium chloiide 2.0 gm. 

Magnesium sulphate 1.0 gm. 

Ferxic ammonium citiate 0.05 gin. 

Glycerol 50.0 c.c. 

Water * 1000.0 c.c. 

Tube and sterilize at 121° C. for 15 minutes. ( 
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BACTERIOLOGICAL SOLUTIONS AND REAGENTS 
Sodium Chloride (Physiological Salt) Solution. — 


Sodium chloride (C.P.) 2-5 gnu 

Distilled water 1000.0 c.c. 


Arnold or autoclave sterilization. 

Buffer Solution. — 

Sodium dihydrogen phosphate (NflHjPO.) 

Disodium hydrogen phosphate (NudlPOJ . 

Distilled water 

Arnold sterilization 

Sodium Chloride Solution (Buffered). — 

Buffer solution (above) 20.0 c.c. 

Sodium chloride (C.P.) 8.5 gm. 

Distilled water 1000.0 c.c. 

Arnold or autoclave sterilization. 

,/Sodium Citrate-Sodium Chloride Solutions. — 

1% 2% 3% 

Sodium citrate (C.P) 10 gm. 20 gm. 100 gm. 

Sodium chloride (C.P.) .... 8.5 gnu 8.5 gm. 8.5 gm. 

Distilled water 1000 c.c. 1000 c.c. 1000 c.c. 

Arnold sterilization. 

Potassium Oxalate Solution. — 

Potassium oxalate 2.0 gm. 

Sodium chloride 6.0 gm. 

Distilled water 100.0 c.c. 

Arnold sterilization. 

1 c.c. of this solution prevents coagulation of 10 c.c. of blood. 
PREPARATION OF PERCENTAGE SOLUTIONS BY DILUTION 

1. From the concentrated solution of knoiwt strength, take the number of cubic 
centimeters corresponding to the percentage desired in the new solution. 

2. To this , add distilled water until the total number of cubic centimeters equals 
the percentage numeral of the concentrated solution. For example, to prepare a 
0.5 per cent solution from a 10 per cent solution, take 0.5 c.c. of the latter and 
add 9.5 c.c. of distilled water. 

Preparation of Percentage Solutions of Alcohol.— 1. To prepare from 9 (ft 
alcohol: 

X — desired amount of diluted alcohol 
Y= desired percentage (expressed as a decimal) 

X V Y 

— — — = amount of 96 per cent alcohol required 


28.81 gm. 
125 0 gm. 
1000.0 c.c. 
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7. In preparing smears of cultures, place a loopful of water on a slide; with a 
sterile wire transfer a small amount of culture to give an opalescent suspension; 
spread into a thin layer. The water should be essentially sterile, preferably dis- 
tilled and not more than 3 days old. 

8. Allow smears to dry in the air or with the aid of gentle heating. A slide 
may be dried by holding it with the fingers above a Bunsen flame, since a degree 
of heat bearable by the fingers will not “cook” or harm the smear (Fig. 216). 



Fig. 215. — Thoroughly Draining Sediment in Bottom of Centrifuge Tube before 

Preparing Sme.ars 

(From Bass and Johns, Practical Clinical Laboratory Diagnosis, Waverly Press, Inc., Baltimore.) 

9. Do not use the filthy and dangerous method of covering a thick wet smear 
with another slide. 

10. Stained smears keep indefinitely, but if mounted in Canada balsam, cedar 
oil, or dammar lac they tend to fade unless the preservative is neutral. 

METHODS OF CULTIVATING AND ISOLATING BACTEEIA AEEOBICALLY 

1. In transferring bacteria from a culture to a tube or plate of medium, -certain 
precautions must be taken to prevent contamination by outside bacteria. Laboratory 
air always contains a considerable number of bacteria, and the dust on tables 
or chairs is full of bacteria. To minimize the chance of contamination, it is ad- 
visable to keep tables, chairs and window sills freshly washed. Special “sterile” 
rooms are often used in which to transfer bacteria. It is also well to keep in mind 
that when pathogenic bacteria are handled these must not be allowed to escape 
from the culture and he scattered over the table and into the room. Work as quietly 
as possible and observe at all times certain precautions and technic. 

' 2. Pasteur transferred bacteria from a culture to a fresh medium by means 
of a pipet, now known as a “Pasteur pipet.” Since the time of Koch the wire needle 
or loop has been more generally used. These needles are made of platinum or nickel- 
chromium steel (nichrome, or stainless steel) about 0.025 inch in thickness. The 



CHAPTER XVIII 

GENERAL BACTERIOLOGICAL METHODS 

Principles. — 1. While general bacteriology is an exceedingly complicated sub- 
ject by reason of the \ery large number of bacteria known to exist, the number 
of bacteria producing disease in human beings and the lower animals is com- 
paratively small. The majority of these bacteria ore readily detected and identified 
by present-day methods. 

2. Many may be identified by the proper staining of the exudates they produce, 
supplemented by a study of their cultural and biological characteristics. The 
technic is relatively simple but demands the employment of accurate methods, 
including proper methods of staining and differentia! staining. 

3. A good microscope equipped with a satisfactory oil-immersion objecti\e 
and proper illumination are essential; it is a mistake to temporize with poor 
objectives, eyepieces and inadequate lighting. 

PREPARATION OP SMEARS OP EXUDATES 

1. The examination of stained smears of pus, sputum and other exudates is 
usually of value in bacteriological examinations and diagnosis; in some instances 
it constitutes the chief means of diagnosis as in gonorrhea, Vincent’s angina, 
spirofusillar gingivitis, acute contagious conjunctivitis, tuberculosis, leprosy, etc. 

2. Slides are preferred to corerglasses as they are less breakable, more easily 
handled and readily filed. They should be clean and 
not too badly scratched. Used slides may be used after 
cleaning as described in Chapter XVI. 

3. Smears may be prepared with sterile cotton swabs 
Fic. 214.— S hear with or with flamed stiff wire loops. At least two should be 

Tms and Thick Aseas prepared on the same or separate slides. 

\Trom Bass and Johns, A. It is important to have smears neithti too thick 
Practical Clinical Laboratory nor too thin. They need not be larger than 1 cm. in 
BaU^iore.’)^ 8 ^ 7 PreS3 ’ diameter if the material is scanty (Fig. 214). 

5. Vigorous rubbing should be avoided as the cells 
may be broken up and intracellular examinations made difficult or impossible. This 
is especially important in examinations for gonococci and meningococci or when 
making a differential count of cells for cytodiagnosis. The sttab should be rolled 
on the slide and should not cover the same area twice. 

6. Cerebrospinal fluid and other transudates and exudates poor in cells may be 
first centrifuged and smears prepared of the sediment (Fig. 215). 
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4. If gelatin is being used and if it is somewhat dry, it may be first melted in 
hot water and allowed to resolidify; inoculate with a deep puncture. 

5. If the medium is semisolid, make a deep puncture with a loop, or if a pipet 
is used, expel the material slowly as the pipet is withdrawn. 

6. If the medium is liquid, suspend tire material in it w'ith a loop or pipet. 

7. When a large amount of fluid material is to be transferred, use a sterile 
pipet with a cotton plug. When the material is very infectious, attach a piece of 
rubber tubing with mouthpiece to the pipet or use a Pasteur pipet fitted with a 



Fig. 219. — Method or Hoiwng Tunts and Wirf. for Ixocot.atiox of Tubfs 
CFrom Wadsworth, Standard Methods, Wa\erlj Press, Inc., Baltimore.) 


rubber bulb. As soon as the culture has been made, place the pipet in a jar con- 
taining a disinfectant. If material is accidentally taken into the mouth, rinse thor- 
oughly with v'ater, then 5% phenol, 40 to 50% alcohol, and again with water. 

8. If a Petri plate is to be inoculated, raise the cover at one side just high enough 
to admit the wire or sw'ab, keeping the plate as completely covered as possible to 
prevent contamination from the air (Fig. 220). 

Surface Streak Plates. — Streak plates are made for the purpose of studying 
colony formations of bacteria and to isolate different bacteria from a mixture. 

1. The first essential for making a good plate is to get the proper dilution of 
the bacteria. Dilutions may be made either in steiile distilled water or in sterile 
broth. For delicate bacteria the latter is prefen ed. For making dilutions of various 
kinds of exudates one may have to rely much on guess work. By examining stained 
smears of the exudate under the micioscope a fair idea can be obtained of the 
number of bacteria it contains and dilution can be made accordingly. It is, how- 
ever, simpler to streak a number of plates in series. 

2. The streak is best made by the wire loop bent at the tip to foim a flat 
surface about 1 cm. long. The inoculation is made bj making eight or ten streaks 
o\ er the surface of the plate. The loop should be allowed to rest lightly when 
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latler is lictlcr ami also less expensive. The wire needles are sterilized in the flame 
by heating to red heat. The lower part of the handle should also Ik 1 sterilized. The 
Kolle (Fig. 217) and Rosenberger and Grcenman (Fig. 218) holders are recom- 
mended (glass handles are very unsatisfactory because of cracking). 



Fic. 216 .—' Touching a Heated Slide to tiie Back or the Hand to Judge the 
TEMPEDATt DC AND Atom “CoOMNe" 

(From Da<9 anil John*, Practical Clinical Laboratory Piagnos.s , \7;tcr’y I'rw*, In-., Baltimore.) 

Tlie tubes should l>e held almo«t parallel with the table t~p t,i avoid air con- 
tamination (Fig. 219). 

Remove the plugs (do not flame) and hold them between the third and fourth 
fingers of the right hand; now flame the ends of Loth tubes (hut not too long, 
as cracking may occur) ; transfer the material; reflame the ends of the tubes and 
replace the stoppers. When making smears replace the plugs before spreading the 

q x - -M r ■ . -^=3 

Fic. 217 . — Koile Wirf. Holoeti Fic. 218. — Uose-nbejigeh and Cdeenjut 

Wire Holder 

material on the slide. It is not necessary to flame the stoppers before replacing 
them. If they are flamed, however, 1* sure to bold the tc«t tube end of the plug low 
down in the flame to prevent the loose cotton held by the fingers from catching 
fire. Be sure that the plugs are inserted so deeply that they will not become loos- 
ened. Label properly and preferably with gummed labels as pencil markings may 
be rubbed off. 

3. Be careful not to break the surface of a solid medium when inoculating slants. 
(The butt, however, may be punctured.) 
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the diluted material is pipetted directly into the sterile Petri dish and the melted 
agar at 45° C. is pouied on top and mixed (Fig. 221). Generally 10 to 12 c.c. of 
agar is used in each 15 mm. dish. 

3. For studying colony formations, as with blood agar, the pioceduie is as fol- 
lows: to the melted agar at 45-50° C. is added 5 to 10 of defibrinated blood 
(citrated blood is also used). The bacteria, properly diluted, are then added to , 
the blood agar and mixed by rolling the tube between the palms of the hands or 
by swinging the tube with a circular motion, taking care to prevent foaming of the 



(From Wadsworth, Standard Method "Wnverly Press, Inc., Baltimore.) 

medium. The inoculated blood agar is then poured into the plate, taking care to 
flame the mouth of the tube. The drop of agar which generally is left on the mouth 
of the tube should not he allowed to run down die outside of the tube as it 
generally will, hut should he wiped off with the bottom of the cotton plug. Proper 
dilutions are usually obtained by putting a loop of the culture into 5 to 10 c.c. of 
sterile water or broth and taking a loop of this into the agar. 

4. Or, the following method may he used: Into one of die tubes of melted and 
cooled agar place a loopful of the material to be examined. Mix well by rotating 
between the palms of the bands or by very careful shaking to insure uniform dis- 
tribution. After flaming the wire, transfer three loopfuls from this tube to a second 
and mix thoroughly; repeat by placing five loopfuls into the third tube from the 
second. (This must he carried out rapidly as the agar may solidify befoie the 
transfers are completed and thus interfere with the next step.) Pour the agar from 
each tube into a separate Petri dish, taking care to flame the month of each tube 
and to lift the lids of the plates just enough to admit the end of the tube: distribute 
evenly by gently rotating and tilting. Allow the agar to solidify, and place the 
dishes in the incubator, cover side down. If colonies have developed sufficiently at 
the end of 24 hours, examine both surface and deep colonies on whichever plates 
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being drawn over the medium to prevent cutting tiie surface. Where only one plate 
is streaked, it is best to divide the plate into four quadrants and streak in series. 
I! many plates are used, it is very simple to obtain the right dilution. 

3 Another good method is to place one to five loopluls of the material on the 



Fic. 220. — Method Used in Spreading a Drop or Inocvtum over the Sim ace or 
Medium in a Petri Plate by Means or a Sterile Class Rod 
(From Wadiworih, Standard Methods, Waverly Press, Inc., Baltimore.) 


surface of the medium, and !*y means of a bent glass rod, which can be sterilized! 
by flaming, spread tbe drop over tlic plate. If many organisms arc likely to lie 
present, one or more plates may be smeared without placing any more material 
on the rod. 

4. The surface of streak plates should he fairly dry. A dry surface is obtained 
by storing for a few days or by using porous porcelain covers, preferably glazed 
on the outside. The plates should be placed in the incubator upside down. 

Pour Plates. — Pour plates are mode when it is desired to study colonies of bac- 
teria in the agar rather than on the surface, and for the enumeration of bacteria 
in a culture, or in milk, water, etc. 

1. The agar medium in tulies or flasks is melted by immersion in boiling water 
for a few minutes, or in the Arnold or autoclave. It is then cooled to a temperature 
between 45“ and 50“ C. In large laboratories, or when it is desired to have melted 
agar ready at all times, the method proposed by Magath (/. Lab. & Clin. M. t 1928, 
13 : 672) will be found useful. Two heaters, of about one quart capacity each, 
are so wired with a switch and lamp that in one position of the switch water » 
boiled in both containers and, at another position of the switch, the temperature 
is reduced to about 46° C. 

2. For quantitative work, ns in the enumeration of bacteria in milk and water, 
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Liquid Tubes with Marble Seal (Hall). — Special tubes are used with a con- 
striction below the; middle. In, tHis constriction is placed a glass ball or, marble. 
The medium below; this seal is generally quite iree ot- oxygen. ' V, ... 

Alkaline PyrogaUate. Methods. — -The oxygen , may be ; absorbed by alkaline ; 
pyrogallol in individual agar tubes as in the so-called Wright tubei The agar in 
such tubes, may be inoculated either as slabs or. slants, usually the latter. The 
cotton plug is clipped off with, a pair of scissors and pushed into the tube for a 
short distance. Oh top of the plug is then placed a. small quantity of pyrogallic 
acid and sodium carbonate. Just before inserting a tight-fitting rubber, stopper, a 
small quantity (1*2 c.c.) of water is. poured in and the rubber stopper pushed in 
tight. A small quantity of sodium hydroxide may be used instead of the carbonate 
and water. The tube should be incubated with butt end up. ' 

Spray Plate Method.— This cohsists of a modification of the McLeod, method w 
and emploj's a specially designed plate made of pyrex glass consisting of the 
bottom of a Petri dish and a special dish with an impressed ridge on the bottom 
and a rolled moat around the top (/. Lab. & Clin. M.;- 1930, 17: 203). 

1. These. two parts are assembled, wrapped with paper and sterilized by baking. 

2. Pour the inoculated blood agar or oilier medium into the Petri dish and im- 
mediately invert the bottom of the apparatus over it while the agar hardens. Hard- 
ened plates, may be surface streaked. 

3. Invert; raise the Petri dish and on one side of the ridge place 4 c.c. of 40% 
pyrogallic acid and on the other side 10 c.c. of 20% sodium hydroxide. Replace 
the Petri dish and seal by pouring around the moat, hot paraffin, a mixture of 'two 
parts paraffin and one part beeswax or a good grade of oil clay. One may seal in a 
string with the ends protruding from, the paraffin or clay to aid in opening the 
dish later. 

4. Tip the dish to mix the solution and incubate. 

5. The plate may be examined repeatedly without opening and when proper 

growth has developed the plate is pried off or the string pulled to cut the seal and- 
the colonies examined. ' ’ ‘ ‘ . , , , . . ■ • 

Anaerobic Jar Methods. — 1. First heat the medium in boiling water for 15 to 
20 minutes to drive off oxygen and cool to 42° -45° C. before inoculating. Incubate - 
in a jar from which the oxygen has. been removed. Any large jar with a -tight 
fitting cover or stopper may be made into an anaerobic jar by the use of alkaline 
pyrogallate. 

The Novy.jar (Fig. 222) is an example of a jar in which the oxygen is displaced 
by hydrogen or other inert gases such as nitrogen. These jars are generally first 
evacuated, then filled with hydrogen, again evacuated, and finally filled with 
hydrogen, ■ • . „■ , 

The McIntosh and Fildes jar illustrates the type of jar in which the oxygen; is 
removed by combination With hydrogen bj r . means of a platinum-block catalj'st 

(Fig. 223).. .V-:' ... 

The Weiss-Spaulding apparatus shown in Figure. 224 is satisfactory and can- be 
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they are separated sufficiently to permit of fishing and subculturing. Most of the 
colonies with this method of plating tvill he deep and very difficult to differentiate 
by their growth. 

Isolation of Aerobic Spore-Forming Organisms.— When material is known or 
suspected of containing spore-forming bacteria and is likely to be contaminated 
with other bacteria, a part, suitably diluted with sterile saline or broth, ma> he 
heated at 80® C. in a water bath -for 30 minutes, or at 70® C. for one or two hours, 
to destroy the nonsporulating or \cgetativc forms. Then proceed by any of the 
above methods for isolating pure cultures. 

METHODS OF CULTIVATING AND ISOLATINO BACTERIA 
ANAEROBICALLY 

The anaerobic bacteria are those which will not develop unless the oxygen 
concentration is reduced to a very low value. Sucli conditions are generally ob- 
tained by placing the inoculated tubes or plates in air-tight jars fitted with some 
system for removing the oxygen. The best method for doing this is either chemically 
by alkaline pyrogallol, or by combining the oxygen with hydrogen using a catalyst. 
Deep tubes of broth, especially if they contain particles of meat, etc., or agar 
freshly boiled, will generally grow most anaerobes. Such tubes of broth are gen- 
erally covered by a “seal” of petrolatum or a petrolatum-paraffin mixture to de- 
crease the rate of diffusion of oxygen into the medium. 

Shake Tube Method.— Melt deep agar tubes by placing them in boiling water 
for several minutes. Cool to about 43® C. and inoculate as directed for making 
“pour” plates. Allow to harden and incubate. Sufficiently anaerobic conditions are 
usually found in the deeper layers of medium to cause good growth of most 
anaerobes. Separate colonies may readily be fished by expelling the agar into 
a sterile Petri dish. This is best done by means of a pipet similar to a Pasteur 
pi pet which is made from glass tubing. The tip of the pipet should he drawn 
rather thin and the end sealed in the flame. Gently beat the bottom of the tube 
in the flame to melt the agar slightly and to loosen it. Push the tip of the pipet 
through the agar and hard against the bottom of the tube so that the end of the 
pipet is broken. Now blow through the pipet and withdraw it as the agar is pushed 
from the tube. By means of the pipet the agar is transferred to a sterile Petri dish. 
With a sterile wire the agar may be cut in any desired place to expose the colonies 
desired and permit fishing. 

Liquid Tubes with Petrolatum Seal. — The medium is preferably freshly boiled 
to drive out the oxygen. It is then allowed to cool in a slanting position. Since it 
is impractical to .inoculate the medium through the petrolatum seal it is best to 
make an opening in the seal. This is best done by gently warming the bottom of 
the slanted seal which then flops up leaving a clear opening into the medium. 
When inoculated the petrolatum is gently warmed and allowed to cover the 
medium. 
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alve. \Vlien combustion is complete, the hydrogen inlet is "closed, the electric 
urrent turned off and disconnected, and the jar is ready to be incubated. When 
ised in this manner the atmosphere rvithin the jar consists almost wholly of 
jydrogen. If it is desired to retain an atmosphere composed of nitrogen and a' 



Fic. 224.— -T us: Weiss-Spauldunc Apparatus for Anaerobic Cultures 

A, Ilempel desiccator; B, cataljet in jar: C, three-way cock*; D, mirror for reading column 
of mercury; E. mercurj manometer; F, tank of carbon dioxide; G, tank of hydrogen; 
H, re=ervoir of mercury. 

lesser amount of hydrogen, the vacuum pump need not he used before the hydrogen 
is admitted and the electric current is turned on. 

Method of Cultivating Bacteria under an Increased C0 2 Tension. — This 
method is used for the isolation of the bovine type of Brucella and often for 
meningococci and gonococci. The best concentration of CO s seems 5 to 10%. 
An anaerobic jar such as that of Weiss and Spaulding is most convenient to use. 
Connect the jar with a \acuuni pump by means of a three-way slop-cock which is 
also connected with a mercury manometer and a source of C0 2 . Remove sufficient 
air to decrease the pressure by 5 cm. of mercury and then replace this air with 
carbon dioxide. 

Methods for Fishing Colonies. — Unless veil-isolated colonies are found on a 
plate it is best to replate if possible. Examinations of the colonies may be facili- 
tated by means of a hand lens, dissecting microsrope or the low power of the 
microscope. The colony selected for fishing should he “ringed’' with a wax pencil 
and numbered. Only a part of the colony should be removed for staining, leaving 
the rest for transfer to sterile media as desired. The fishing is best done with a 
sharply pointed needle. Colonies in shake lubes are best fished by first expellica 



388 


BACTERIOLOGICAL METHODS 


readily set up. Cultures are placed in a sealed Hempcl desiccator with 0.5 gm. pal- 
iadinized asbestos (shredded) and a tube of 2 % dextrose in nutrient broth colored 
with methylene blue (1:50,000). The air is exhausted from the jar by suction and 
the stop-cock closed. Carbon dioxide is then introduced to a manometer rending of 
700 mm. mercury. Hydrogen is then slowly introduced until atmospheric pressure 
is reached. The stop-cocks are then closed and the jar disconnected for incubation 
of the cultures. 

The Brousn jar is also quite satisfactory. The catalyst in this jar is platinized 
ashe«tos placed on a glass rod and wrapped around with resistance wire through 



Fic. 222.— Imphoveo Novy Tic. 223.— Smillie Anaerobic 

Anaerobic Cultere Ap- Cilti be Apparatus 

PARATUb 

which is sent a current of electricity to heat the catalyst The catalyst is enclosed 
in a netting of fine wire to prevent explosion. 

The inoculated cultures (Petri dishes or tubes) are placed within the jar. A 
piece of “plasticine” (other modeling clays have been found less satisfactory) is 
rolled out in the form of a thin roll and placed onto the ground edge of the glass 
jar. The lid is pressed down onto the plasticine so as to make an air-tight joint and 
is held in place by the screw clamp. If a vacuum pump is available, a large part of 
the air may be pumped out of the jar. Tins serves to draw the lid down into place, 
to minimize the danger of explosion, and to establish anaerobic conditions more 
quickly. With the partial vacuum in the jar it is connected with the source of 
hydrogen which is led into the jar under a pressure of only 2 or 3 pounds. The 
terminals of the heating coil having been connected with an ordinary 110-volt 
electric light current which has Been reduced by passage through a 50-watt light 
bulb, the current is turned on and allowed to flow for 20 or 30 minutes. If the 
connections are tight and the hydrogen tank is provided rvjth a reducing valve, 
the hydrogen may be allowed to flow into the jar throughout this period as fast 
as it is consumed, a pressure of 2 or 3 pounds being maintained by the reducing 
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it will be found necessary to reduce the light by partially closing the diaphragm 
of the microscope to obtain clear definition of unstained bacteria and other cells. 
Moist preparations are to be dropped into boiling water or into disinfecting solu- 
tion befoie being cleaned. 

Hanging-drop Preparations, — In the center of a clean thin (No. 1) coverslip 
20 mm. squaie place a small loop of material to be examined (fluid culture or 
suspension of growth from solid medium). Do 
not spread the droplet. Place small bits of vase- 
lin or droplets of oil on opposite sides of the 
concavity of a hollow-ground slide (Fig. 226). 

Invert the coverslip over tire concavity of the Fic. 226. — Hancinc Drop Slide 
slide so that the drop of material hangs beneath 

the coverslip without touching the slide into the concavity and with opposite corners 
of the coverslip protruding beyond the edges of the slide (to facilitate removal of 
the coverslip when it is to he discarded). Hanging-drop preparations are to be 
dropped into boiling water or into disinfecting solution before being cleaned. It 
is not easy to focus the microscope on a hanging drop. Reduce the light with the 



Fic. 227.— Zeiss Dark-Field Assembly 


diaphragm and find the edge of the drop under the low power objective, then turn the 
high power objective into place. (It is important that the objectives of the micro- 
scope he par-focal and accurately centered.) Having found the edge of the drop 
under high power, the slide may be moved about carefully while under observation 
of the technician. 

Dark-field Examination. — 1. Apparatus necessary (Figs. 227 and 228 ) ; strong 
illuminating lamp such as a small arc lamp or high-power incandescent lamp; 
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the agar as described under Shake Tube Method. The agar is then cut with a sterile 
knife or wire close to the desired colony. 

MICROSCOPICAL EXAMINATION OF CULTURES AND EXUDATES 

1. For smears of cultures on solid media place a small loop of water on the 
clean slide. With the needle add a minute amount of growth to the water. Mix, 
spread and dry in the air. From fluid 
media spread small loop of culture 
onto the slide; no water need he used. 
When the smear is perfectly dry “fix” 
it by passing the slide back and forth 
through the flame three times (do not 
overheat) and allow it to cool before 
staining. For special purposes fixing 
may be done with methyl alcohol or 
other reagents. 

2. In the case of Petri dishes, re- 
move the cover and place it right side 
up on the table. 

3. Examine the plate with unaided 
e>e or hand lens and ring off selected 
colonies with wax pencil on bottom 
of plate. 

4. Or select colonies with the aid 
of the lower part of the microscope 

(Fig. 225). 

5. With a sterile needle carefully 
remove portions of selected colonies 
to fresh media 'and prepare smears 
for staining. With adherent colonies 

Fic. 225. — Frsninc and Transferring a Colott an< * especially pneumococci and 

with tiie Aid or the Microscope streptococci, it is sometimes neces- 

(From Wadsworth, Standard Methods, Wa»erly sary to cut out with a sterile loop 

Press, Inc. Rahim. re.) „ p„ rt ; 0 „ „[ ,h e medium and 

transfer to broth. 

6. If the colonies are not well isolated, fish several to broth and prepare an- 
other set of plates. 

Moist Preparations. — For examining unstained material suspend some of 
the material in a small drop of water, salt solution, broth or mounting fluid 1 on a 
clean glass slide. Carefully, so as not to admit air bubbles, place a clean coverslip 
over the drop. Examine with any of the objectives of the microscope required but 

1 Mounting fluid, especially useful for examination of fungi, is prepared by mixing equal 
volumes of glycerol, ammonium hydroxide and alcohol 





GENERAL BACTER10L0G1C METHODS 


; METHODS OF STAINING BACTERIA 


Stains are most conveniently. kept in dropping bottles (Fig. ,230) or bottles pro- 
vided with a rubber: stopper and nipple with a short dropping pipet. attached. , : 
The staining is generally done by putting the stain on the slide / . , . 

(FigJ 231) . but for some purposeS a staining. dish is employed , 

(Fig- 232).;^ V'; 

Only .sufficient stain Tor covering the smear should be- used V 

in the interests of economy. It should .'not be spread: with the V;' F- f • 
lip of. the bottle as contamination of the stain may result., , ; ;;■,{( ' ' 

Iioffler’s Methvlene Blue.- 1 — For rreheral stairiinjr ' nf bao-'s •. - ‘ • 


Lofiler’s Methylene Blue.— For general staining of bac- 
teria and for diphtheria bacilli:.; ‘ 

1. Make thin smear of material to be examined on slide.' ... 

2. Dry in air. and fix with .gentle heat.. • 

3. Cover smear with stain and allow to sland : for one' or two- 

minutes: heat.slightly. if deep staining is desired. r ' ; ; > 


Fjc. -230.~Rkcom- 

MirMiEoDnoppiNc 
-'. Bottle - 3 



rr* * . * J \ 


Fig. 231.— Method of Applying -Stain to 
a Slide . 

(From Bass and Johns, practical Clinical 
. Laboratory DiagnosU, Wavcrly Press, Inc.v 
Baltimore.) ''-[-i. , ” \ - •; : 



■ Fic.' 232. — Staining Dish 


FORMULA OK. STAIN : 


Methylene blue (certified ”) .......... 

Ethyl alcohol (95%') W. .,.'i . ..... . . ... 

When dissolved add ' .. 

Distilled water . . . . , . . . 


-L 0.3 gms. 

, 30.0 c.c.. . 


100 c.c. : 


4. Wash with tap water, blot and examine with oil-immersion lens. . 

Methylene blue does not stain very .intensely and there is little danger of over- 

s TIie term “certified” as applied to stains indicates a product which has been found satis- 
factory by the Commission on Standardization of Biological Stains of the Society of American 
Bacteriologists. - , - r > ; . . . 

Loffler’s methylene blue stain was .prepared by. adding alkalis to the solution. Modern purified . 
samples of methylene blue do riot require this. The older preparations contained acid impurities 
(Conn; Stain Tch:, 1929, 4:27. Conn; Biological Stains, Geneva, Ni-.Y., 1929, 67); - . 
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funnel stop to be placed in oil-immersion objective to rut nut rajs winch interfere, 
and a special substage condenser {Fig. 229). 

Remove substage condenser from micro'cnpe and adjust dark-field condenser 
in its plate. 



Fic. 228.— Outsit for Dajik-Field Examination ron Shrociiites 
(From Kolmrr, Chemotherapy (rnd the Treatment of Syphilis , W. R. Saunders Co.) 


3. Insert funnel stop in the oil-immersion objective if one is to be used. (One 
may use a special oil-immersion lens of N.A. 0.80 without a funnel stop.) 

4. Center the apparatus with low-power lens by petting roncentric rings on the 
upper surface of the dark-field condenser and adjusting 
by means of the three centering screws on edge of the 
condenser until the rings are parallel with the circle of 
the microscopic field. 

5. Place a small drop of material to be examined on a 
scrupulously clean slide (1.45 to ’1.55 millimeters thick) 
and cover with clean coverglass (avoid air bubbles). 

6. Place large drop of oil on top of condenser and put „ „ „ „ 

/ .... . % Fic. 229 .— Substage Co«- 

slide on stage so the oil forms a contact with the under DENSEn r0R Dark-FieH> 

surface of the slide. Examination 

7. Place oil on top of coverslip and examine with oil- 

immersion objective. Examination can also be made with low and high power ob- 
jectives. A darkened room is helpful. 
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3. Cover smear with 1% aqueous solution of gentian violet. 

4. Immediately mix the dye on the slide with 3 to 5 drops of a 5% solution of 

sodium carbonate in a 0.5% aqueous solution of phenol. 1 

5. Slain for I to 2 minutes. 

6. Wash quickly with water and cover for one minute with Gram’s iodine solu- 
tion (mix 1 gm. of iodine with 2 gms. potassium iodide; dissolve in a very small 
amount of water and then add water to 300 c.c.). 

7. Wash quickly 'with water and blot. 

8. Decolorize by dropping a mixture of 3 parts acetone (Fig. 233) and 1 part 
ether until the solution flows colorless from the slide. Equal parts of acetone and 
95 per cent alcohol or two parts alcohol and one part of acetone are equally 
satisfactory. Blot dry. 

9. Counterstain for 30 seconds with a 0.5% aqueous solution of safranine. 

10. Wash with water, blot and dry. Gram-positive organisms are very dark blue; 
gram-negative organisms are an orange pink. 

Hucker’s Modification of the Gram Stain. — 

. SOLUTION A 


Crystal violet (85% dye content) 3.0 gms. 

Ethyl alcohol (95%) 20 c.c. 

SOLUTION B 

Ammonium oxalate 0.8 gm. 

Water 80 c.c. 


Mix solutions A and B, ordinarily in equal parts. It is sometimes found, how- 
ever, that this gives so concentrated a stain that gram-negative organisms, such 
as the gonococcus, do not properly decolorize. To avoid this, solution A may be 
r diluted as much as ten times, and 20 c.c. of the diluted solution mixed with 
solution B. 

1. Stain 15 seconds noth the gentian violet solution. 

2. Wash in water. 

3. Immerse in Gram’s iodine solution for 1 minute. •. 

4. Wash in water and blot dry. 

5. Decolorize with 95% alcohol or acetone (preferred) for 5-10 seconds with 
gentle agitation. 

6. Drain off alcohol. 

7. Cover with counterstain for 10 seconds. 

8. Wash, dry, and examine. 

'-^uarbolfuchsin (Ziehl-Neelson). — For staining “acid-fast” bacteria (tubercle 
bacilli, leprosy bacilli, etc.) : 

1. Make thin smear on a slide or coverglass. Dry in air and fix with beat. 

2. Flood the smear with the following stain and steam gently over the flame 
about 3 minutes. Do not boil and renew the stain as it evaporates: 
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staining. It is a good stain to use when studjing the morphology of organisms and 
is sometimes used in the examination of cultures for diphtheria bacilli.' 

Borax Methylene Blue (Manson). — For staining bacteria in blood smears. 
Same technic as above : 

FORMULA FOR STAIN 

Methylene blue 2 gms. 

Borax* 5 gms. ' 

Distilled water 100 c.c. 

Wayson Stain. — Tor staining diphtheria bacilli and to show nuclear structures 
of bacteria: 

1. The stain is prepared by dissolving 0.2 gni. of fuchsin and 0.75 gm. of 


Fie. 233. — Method or DEcoioniztNc with Acetone 
(From Bass and Johns, Practical Clinical Laboratory Diagnosis, Wa\erly Press, Inc., Baltimore.) 

methylene blue in 20 c.c. of absolute alcohol. Add the dye solution to 200 c.c. of 
5 % solution of phenol in distilled water. Filter. 

2. Stain smears for a few semonds. Wash, blot and dry. 

Gram Stain (Burke’s Modification). — 1. Make thin smear on glass slide or 
coverglass. 

2. Dry in air and fix with gentle beat. 
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Dissolve the stain in boiling water and filter through filter paper. 

4 . Wash, dry, and mount. 

5. The bacilli may stain uniformly brown or may show at one or both ends a 
dark blue, round body. True diphtheria bacilli usually show the blue bodies, 
while the pseudotypes show' few if any. 

Ljubinsky’s Stain for Diphtheria Bacilli. 

t 

SOLUTION A 

\ 

Methyl violet B 2.5 gm. 

Glacial acetic acid *■ 50.0 c.c. 

Distilled water 1 2 3 4 5 6 950.0 c.c. 

Do not filter. 

SOLUTION B 

Chrysoidin 5.6 gm. 

Distilled water 1000.0 c.c. 


This is a differential stain for the polar granules in diphtheria bacilli. It also 
stains granules in other organisms. The granules should be dark blue or black 
and the rest of the bacterial body reddish or yellowish. The time of application of 
the two solutions varies according to the age of the solutions and can be deter- 
mined only by trial. 

Albert’s Stain (Laybourn’s Modification for Diphtheria Bacilli). r 

SOLUTION NO. 1 


Toluidin blue 

Malachite green 

Glacial acetic acid 

Alcohol (95%), 

. Distilled watei 

Let stand 24 hours, filter. 


0.15 gm. 
0.20 gm. 

1 .00 c.c. 

2.00 c.c. 
1Q0.00 c.c. 


SOLUTION NO. 2 

Iodine crystals . 

Potassium iodide 
Distilled water 

1. Fix smears by heat. 

2. Flood with solution No. 1 for 3-5 minutes. 

3. Wash in tap water. 

4. Flood “with solution No. 2 one minute. 

5. Wash, blot dry, and examine. 

6. The granules stain an intense black, the bars dark green, and the intervening 


2 gm. 

3 gm. 
300 c.c. 
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10% alcoholic solution of Basic fuchsin .... 10 c.c. 
5% aqueous solution of phenol 100 c.c. 


3. Wash with water and decolorize liy dropping acid alcohol on the smear until 
it flows colorless from the slide: 


Concentrated hydrochloric acid 2 c.c. 

95% ethyl alcohol 93 c.c. 


4. Wash with water and counterstain with Lofller’s methylene blue for 1 minute. 

5. Wash with water, blot, dry and examine. “Acid-fast” bacilli are pink in a 
blue background. 

/ Carbolfnchsin (Kinyoun). — 1. Slain the fixed smear for 3 minutes without 
heating with the following: 


Basic fuchsin 4 gms. 

Phenol crystals 3 gms. 

95% ethyl olcohol 20 c.c. 

Water 100 c.c. 


2. Wash with water and decolorize with acid alcohol os in the Zichl-NecNon 
method. 

3. Counterstain with Loffler’s methylene blue. 

Carbolfuchsin for General Staining.— Tin’s is an excellent stain for bacteria in 
general. 

1. Fix the smear with heat and cover with water. 

2. Add a drop or two of Ziehl-Neelson’s stain or co\er smear with a 1:10 dilu- 
tion. , 

3. Stain for 30 to 60 seconds, wash with water, dry and examine. Bacteria arc 
of a deep pink color. It is important not to overstain. 

Neisser’s stain for Diphtheria Bacilli. — 1, Prepare smear in u«ual juanner, 
fix with heat and place in solution No. 1 for 2 or 3 seconds. 


SOLUTION NO. 1 

Methylene blue (Grubler) 0.1 gm. 

Alcohol (95% ) 2.0 c.c. 

Glacial acetic acid ,.. K 5.0 c.c. 

Water (distilled) 95.0 c.c. 


Dissolve the methylene blue in alcohol and add to the acetic acid and water. 

2. Wash in tap water. 

3. Place in solution No. 2 for 3 to 5 seconds. 

solution n<£ 2 


Bismarck brown 
Water (boiling) 


0.2 gm. 
100.0 c.c. 
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evaporation of the alcohol and consequent formation of a colloidal precipitate of 
the dye complex which is adsorbed by the flagella. 

4. Wash with water aftd examine, or counterstain if desired. 

5. Counterstaining is not necessary for routine work. With some bacteria such 
as typhoid bacilli, the body of the organism is stained only faintly or: not at all 
and the counterstain helps to give a better picture. A satisfactory counterstain is 
made by. diluting borax methylene blue 10 times with distilled water (0.1% 
methylene blue and 0.5% borax). Allow r counterstain to act about 10 minutes. 
By this means the bacterial bodies become blue and the flagella red. 

Casares-Gil Method for Flagella, 


MORDANT- 


Tannic acid .• 

...10 

gms. 

Aluminum chloride (Al 2 Cl 0 12H..O) . . 

...18 

gms. 

Zinc chloride ! 

...10 

gms. 

Rnsaniline hydrochloride 

. . . 1.5 

gms. 

Alcohol (60%) 

...40 

c.c. 


The solids are dissolved in the alcohol by trituration in a mortar, adding 10 c,c. 
of the alcohol first and then the rest slowly. This alcoholic solution may be kept 
several ) ears. 

1. To make the preparation of bacteria: transfer 1 loopful of growth from an 
18-hour agar slant culture of tlie organism to 2 c.c. of sterile tap water. Incubate 
this suspension at 37° C. for 10-15 minutes. Transfer one loopful carefully to an 
absolutely clean slide. Tilt the slide so that the drop runs down, leaving a thin 
film, or the drop may he drawn out gently with paper. Allow to dry in air. 

2. For use, dilute with two parts of distilled water, filter off the precipitate and 
collect the filtrate on the slide containing the smear of bacteria. Allow this to act 
1-2 minutes. A precipitate and metallic sheen should form. Wash with distilled 
water. 

3. Cover preparation with filtered earbolfuchsin and allow to act 1 to 3 minutes. 
Wash in distilled water. Dry without blotting. 

Dorner’s Method for Spores. — Solutions. — (a). Carbolfuchsin (freshly 
filtered), ( bj Saturated aqueous solution of nigrosin B (Griibler). 

1. Make a heavy suspension of the organism in 2 to 3 drops of distilled -water 
in a small test tube. Use the growth of the culture on an agar slant for this 
emulsion. 

2. Add an equal quantity of freshly filtered carbolfuchsin. 

3. Allow the mixture to stand in a boiling water bath 10 to 12 minutes. 

4. On a coverslip or slide mix one loopful of the stained preparation with one 
ioopful of a saturated aqueous solution of nigrosin. 

5. Smear as thinly as possible and dry rapidly,' 

The spores are stained red, the bodies of the bacteria are almost colorless and 
stand out against the dark gray background of nigrosin... 
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portions light green. The stain is quite specific ami will serve to detect diphtheria 


bacilli when only a lew are present. 

Flagella Stain (Leifson, Modified). 

formula 

Potassium alum, 5% aqueous solution 10 c.c. 

Tannic acid, 2% aqueous solution 10 ex. 

Basic fuchsin (dye content 100% ) in 1% 
solution in 9591 alcohol 10 c.c. 


The solutions are mixed in the order given. 

The tannic acid solution usually develops molds and for this reason will not 
keep. A mixture of solutions (I) and (2) seems to keep and also seems to be 
stable. Rosaniline hydrochloride may he used instead of the basic fuchsin. The 
concentration given is based on the pure dye and since the commercial dye* arc 
seldom pure (75-90%) they must be used in correspondingly higher concentra- 
tion. For example, a dye labeled “85% pure” should be used in 1.18% concentra- 
tion and a “75% dye" in 1.33%- concentration. 

The flagella stain is stable for several dajs provided it is kept well stoppered. 
A new mixture need only be made about once a week. The precipitate which forms 
is of no consequence. In old stains it is best to use only the supernatant. 

1. Use only young broth or moist agar cultures. Both cultures are centrifuged, 
the supernatant fluid poured off, and the bacteria carefully suspended in distilled 
water. The suspension is again centrifuged, the supernatant poured off, and the 
bacteria resuspended in distilled water. Smears from agar slants are made by 
suspending some of the growth from the bottom or middle of the slant in dbtilled 
water. The growth at the top of the slant should not be used. Place a large loopful 
of the suspension on the end of a prepared slide. Tilt the slide to cause the 
suspension to flow down the slide. If it does not flow readily the slide is greasy 
and should be discarded. Allow to dry in air at room temperature. No fixing 
is necessary. 

2. Slides should be free from scratches and absolutely grease-free. The lie*! 
method of cleaning the slides is to put them in a hot solution of pota^ium 
dichromate in concentrated sulphuric acid for a few hours. They are then thor- 
oughly washed with distilled water and allowed to drain and dry in air. They 
should never be wiped with a cloth. Just before use the slide should be flamed 
strongly (film side towards the flame), and a wax pencil line made along the 
edges ol the slide leaving about V 2 inch free for handling. The wax pencil lines 
serve to confine the stain and allows it to be heaped up on the slide. 

3. With a capillary (Pasteur) pipet place 0.8 to 1 c.c. of the stain on the pre* 
pared slide. The slide should be level or on a very slight incline. It is important 
that the stain be heaped up on the slide. Allow the stain to remain on the slide for 
about 10 minutes. With a high room temperature and much circulation of air the 
staining may be complete in about 5 minutes. In a cold room with no circulation 
the staining may take 15 minutes. The staining of the flagella depends upon the 
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Moeller’s Method for Spores, — 1. Coverslips ore prepared as usual and fixed 
in the flame. 

2. Wash in chloroform for 2 minutes. 

3. Wash in water. 

4. Cover with 5 % chromic acid one-half to 2 minutes. 

5. Wash in water. Invert and float coverslip on carbolfuchsin solution in a 

small porcelain dish and heat gently with a flame until it steams; continue this for 
3 to 5 minutes. (This step can also he done by covering the coverglass with carbol- 
fuchsin and holding over flame.) . 

6. Decolorize with 5 */{ sulphuric acid 5 Jo 10 seconds. 

7. Wash in water. 

8. Stain with aqueous methylene blue one-half to 1 minute. By this method 
spores will be stained red, the body blue. 

Gram’s Stain for Capsules. — Thin smears stained by the gram method as de- 
scribed are frequently satisfactory for cnp’sules. 

Welch’s Method for Capsules. — 1. Cover film with glacial acetic acid for 
few seconds. 

2. Drain and replace with aniline gentian violet. Drain and again replace with 
aniline gentian violet. Repeat until all acid has been replaced by gentian violet 
solution. 

3 Wash in a 1 or 2% solution of sodium chloride and mount in same. Do not 
use water at any stage. 

4. The capsule stains pale vioteL 

Hiss’s Copper Sulphate Method for Capsules.— 1. Grow organisms in ascitic 
fluid or serum medium or mix with drop of serum and from this mixture pre- 
pare smears. 

2. Air dry and fix with heat. 

3. Cover preparation with 5% water solution of gentian violet and heat for few 
seconds until steam arises (5 c.c. of saturated alcoholic solution of gentian violet 
to 95 c.c. of distilled water). 

4. Wash dye off with 20% solution of copper sulphate crystals. 

5. Blot (do not wash) and dry thoroughly. 

6. By this method permanent preparations are obtained, the capsules appear- 
ing with faint blue halos around dark purple cell bodies. 

HvwAWKi’i Matlrad Jot Capwalw. — 1. Mix organisms whVi a small drop of 
nutrose solution on a slide and spread the film; dry in air (do not fix). 

NUTItOSE SOLUTION 


Nutrose (sodium caseinate) 3 gm. 

Water 100 c.c. 


Cook the solution for one hour in Arnold sterilizer and add 0.5% carbolic acid. 
Place in tubes without filtering. 

2. Cover with stain for 30 seconds. 
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6. The slide, which should now be a distinct brown color, is washed in distilled 
water, blotted and dried. The spirochetes should, if the method has been properly 
carried out, be of a blackish or brown color. The film should he mounted in Canada 
balsam, since when examined without a coverslip the cedar-wood oil discolors the 
spirochetes. 

India Ink Method for Spirochetes (Burri). — On one end of a slide mix an 
equal amjunt of secretion from a chancre or other material with India ink free 
of artefacts. Smear as described for making blood smears. Allow to dry and 
examine. The spirochetes will appear as white spirals on a black background. 

Tunnicliff Method for Spirochetes and Fusiform Bacilli.— 1. Make a thin 
smear of the material on a slide. Fix with heat. 

2. Cover with carbol crystal violet, 30 seconds. (Sat. ale. sol. crystal violet, 
10 c.c.; 5 % aqueous phenol sol. 90 c.c.) 

3. Wash with water. 

4. Cover with Lugol’s iodine solution, 30 seconds. 

5. Wash with water. 

6. Cover with sa Irani ne, 30 seconds. 

7. Wash with water. 

Spirochetes and fusiform bacilli stain purplish black. Large bacterial forms arc 
often granular. Capsules may be demonstrated by this method occasionally. 

METHODS OF STAINING BACTEF.IA IN TISSUES 

Preparation of Tissue Bection. — 1. Obtain tissue as soon as possible after 
death to prevent postmortem changes. 

2. Place blocks not larger than one-quarter by onc-eighth inch in Zenker’s fluid 
for 3-12 hours. 

3. Wash in water for several hours. 

4. Place for 24 hours in each of the following alcohols in succession: 30, 60, 
90 and absolute. 

5. Place in cedar oil or xylol until translucent. 

6. Place in equal parts of cedar oil or xylol and paraflin at 37° C. for 2 hours. 

7. Place in paraflin at 52° C. for 2 hours in each of 2 baths. 

8. Box and cut sections of 3 to 6 micra. 

9. Dry sections in incubator for about 24 hours or over night. 

10. Remove the paraffin by placing the slides in xylol and then in absolute alco- 
hol. Repeat until all paraffin is removed and then place sections in water (no 
clouding denotes removal of paraffin). 

Goodpasture’s Stain. — 1. Place prepared section in the following slain for 10 
to 30 minutes: 


Alcohol 100.00 c.c. 

Basic fuchsin 0.59 gm. 

Aniline oil 1.00 c.c. 

Phenol (crystals) 1.00 gm. 
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Second Method for Staining Tubercle Bacilli in Tissue. — Fix tissue in 
formol solution or other fixative. After sections have been cut and the paraffin 
removed, pass them down to water. Slain in carbolfuchsin 3 hours at room tem- 
perature. , 

STOCK SOLUTION 


Basic fuehsin t 10 gms. 

Absolute alcohol 100 c.c. 

Use for staining 

Stock solution 10 c.c. 

Phenol 5% 90 c.c. 


■ Treat slides with acid alcohol (alcohol 809h, 98 c.c., hydrochloric acid. 2 c.c.) 
until almost decolorized. Wash in distilled water. Blot. Wash in water. Stain in 
Harris’s hematoxylin, 1 minute. Wash in water. Acid alcohol, 2 to 4 seconds. 
Wash in water. Blot. Wash in aniline oil. Treat with one third aniline oil and two- 
thirds xylol. Clear in xylol and mount in balsam. Balaam must be neutral or the 
slides will fade in time. 

Mallory’s Method for Actinomyces. — Stain deeply in saturated aqueous eosin 
10 minutes. Wash in water. Aniline gentian violet from 2 to 5 minutes. Wash in 
normal saline solution. Weigert’s iodine solution (Iodine 1, KI 2, and water 100 
parts) 1 minute. Wash in water and blot. Clear in aniline oil. Xylol several 
changes. Mount in balsam. 

METHODS POR STUDYING BIOLOGICAL PROPERTIES OP BACTERIA 

Study of Colonies, — Surface colonies on agar media are often of considerable 
value in identification. Such colonies of different bacteria may differ considerably 
and an experienced bacteriologist can often make a tentative diagnosis by the 
study of the surface colonies. This is especially true where the bacteria are planted 
on special media and exhibit peculiar colonial forms. The features of colonies 
which should be noted especially are whether the colonies are: dry or moist, 
mucoid, rough or smooth, wrinkled, translucent or opaque, shape of edges, flat 
or elevated, spreading, and color. By means of a hand lens or the low power of 
the microscope more details are brought out. 

Deep colonies usually are less characteristic than surface colonies, except in 
special media. In blood agar the deep colonies are especially informative and are 
the basis for the differentiation of the streptococci. Deep colonies are best studied 
with the lower power of the microscope, or belter, by unscrewing the lower half 
of the low power lens of the microscope a magnification is obtained which seems 
just right. 

Appearance in Broth. —The growth in broth is often of diagnostic value. The 
growth may be homogeneous, granular, flocculent, or mucoid. A pellicle may form 
on the surface, and a precipitate on the bottom. 
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3. Wash in ammonia water (1 c.c. of aqua ammonia in 100 c.c. water) until 
blue. Wash in water. 

4. In a smalt vial mix 5 drops of 5% aqueous solution of sodium bicarbonate 
(containing also 0.5 % phenol as preservative) with about 0.75 c.c. of 1 % aqueous 
solution of gentian violet. Immediately pour the mixture onto the slide and stain 
for 2 minutes. Wash quickly with water. 

5. Cover with iodine solution (iodine I gm., potassium iodide 2 gm., water 
300 c.c.) for 1 minute. 

6. Wash with water. Blot. 

7. Decolorize in 1 part of ether plus 3 parts of acetone, dropping it onto the 
slide until no more color comes off. Blot. 

8. Stain for 5 minutes with rosaniline hydrochloride (0.005 gm. per 100 cx. 
water). Wash in water. Blot but do not allow the section to dry. 

9. Pass through acetone. Decolorize and differentiate by dropping over the 
section a solution of 0.1 gm. of picric acid in 100 c.c. of acetone until the section 
becomes yellowish.pink. This is the most critical stage of the process and should 
be carried out by holding the slide over a white plate or dish. Most of the 
rosaniline should be decolorized from the tissue but the gram-negative bacteria 
should remain red. Pass successively through acetone, equal parts of acetone and 
xylol, and xylol. After clearing in xylol mount in balsam. (Beginning with step 5, 
it is best to work with only one slide at a time.) Cell nuclei should he stained dark 
reddish-brown ; cjtoplasm yellowish; gram-positive bacteria deep violet or almost 
black; gram-negative bacteria bright red. Leukocytes generally stand out plainly 
with a dusky yellowish cjtoplasm. Basophilic granules slain red. Red blood cells 
may be a yellow or red depending upon the degree of dccolorization in picric acid. 
Cartilege stains pink. Striated muscle and fibrin generally stain yellow but may 
retain more or less of the red stain. 

Mallory and Wright’s Method for Tubercle Bacilli . — Paraffin Sections.— 
1. Slain in carbolfuchsin solution hot for 5 minutes (or better, cold, for 2t hours). 
Wnsh in water. Decolorize and counterstain in Gabbet’s methylene blue-sulphuric 
acid mixture for 1 minute: 


Methylene hlue 2 gms. 

Sulphuric acid 25 c.c. 

Water 75 c.c. 


2. Wash in water. Dehydrate in absolute alcohol. Clear in xjlol. Mount in 
balsam. 

Ccltoidin Sections . — Stain lightly in alum hematoxylin. Wash in water. De- 
hydrate in 95%* alcohol. Attach the slide by ether vapor. Stain with steaming 
carbolfuchsin 2 to 5 minutes. Wash with water. Wash with Orth’s acid alcohol 
(alcohol 90%, 99 c.c. cone, hydrochloric acid, 1 c.c.) % to 1 minute. Wash in 
water several changes. Treat with 95% alcohol until red color is entirely gone. 
Blot and cover with xylol nntil clear. Mount in balsam. 
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carbon dioxide and in drogen. The ratio of tbe carbon dioxide and hydrogen which 
is produced is oi diagnostic value in differentiating such groups of bacteria as 
aerobacter and eschericia. The analysis of the gas may be done in a Smith fer- 
mentation tube by absorbing the carbon dioxide with sodium hydroxide. The 
lesidual gas is mostly hvdrogen. Some years ago this test was commonly used 
but now it has been largely abandoned. 

Action on Organic Acids. — Some oiganic acids are used for differentiation of 
bacteria. Most of these are used in synthetic media as the sole energy source. 
Among acids thus used may be mentioned citric, malonic and tartaric. - 

Production of Indol, — This seems to be a fundamental and important property 
of bacteria. Indol is produced from tryptophane and any medium used for this 
test must contain tryptophane in appreciable quantities. The following tests are 
recommended : 

Oxalic Acid Paper Test for Indol ( Holman and Gonzales ). — Soak filter paper 
in saturated oxalic acid solution. Dry and cut into strips. Hang a strip of tbe 
paper in the form of a loop over the medium in a culture tube, securing the ends 
of tbe paper between the cotton plug and the mouth of the tube. Indol is shown 
by the development of a pink color on the paper during the growth of the culture. 
The paper must not be allowed to become wet. 

Ehrlich Indol Test. 


REAGENT 


Paradimethylaminobenzaldehyde 2 gms. 

Ethyl alcohol (95%) 190 c.c. 

Hydrochloric acid (cone.) 40 c.c. 


Add about 1 c.c. of ether to the peptone water and shake. Allow ether to rise 
to the top and form a layer. Add about one-half c.c. of Teagent so that it forms a 
layer between the medium and the ether. A red color forms at the junction and 
spreads into the ether la>er. 

Reduction of Nitrates. — Reduction of nitrates to nitrites demonstrates the re- 
ducing ability of bacteria. This reaction is not of very great diagnostic value 
except in isolated instances. The reaction may be demonstrated in either agar or 


fluid media. 

Test for Nitriles. 

SOLUTION A * 

Sulphanilic acid 4 gms. 

N/5 acetic acid (Sp. gr. 1.041) 500 c.c. 

SOLUTION B * 

Alpha-uaphthylamine acetate 2.5 gms. 

N/5 acetic acid (Sp. gr. 1.031 } 500 c.c. 


Filter through washed absorbent cotton. 
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Production of Pigment.— Many bacteria produce very intense pigments which 
are characteristic and of considerable value in diagnosis. Such pigments arc pro- 
duced more abundantly in some media than in others. Loffler slants are very good 
for demonstrating pigmentation. Pigment production is generally best under 
aerobic conditions and may fail altogether in the absence of oxygen, as iri the ca<e 
of B. pyocyaneus and Serralia marcescens. In many instances more pigment is 
produced at lower temperatures so that it is advisable to incubate at temperatures 
of about 20® C. (gelatin incubator) as well as at 37° C. 

Liquefaction of Gelatin and Coagulated Serum. — Proteolytic activity of bac- 
teria is usually studied by inoculation into gelatin or on coagulated serum slants. 
Gelatin liquefaction may be studied by incubating the inoculated gelatin at 37® C. 
for one or more days and then placing it in cold water to sec if it will solidify. 
A better method Is to stab the solid gelatin medium and incubate at 20-22® C. 
By this means the type of liquefaction may be observed and more information is. 
thus obtained. 

Reaction in Milk. — Milk has long been a favorite with bacteriologists. The mill, 
may be coagulated due to acid production by the fermentation of the lactose or 
by the action of rennin-like enzymes. The coagulum may be digested due to proteo- 
lytic enzymes. The completion of this latter reaction may take several weeks. 

Action on Carbohydrates. — A large variety of carbohydrates are used in the 
study of bacteria. Many of these are unstable and cannot be sterilized in the 
medium in the autoclave without undergoing some hydrolysis. Such carbohydrates 
can often be sterilized unchanged in 10-209& solution in distilled water and then 
added aseptically to the medium. Such concentrated sugar solutions ore best kept 
alter sterilization in tubes under a vaselin seal (the vasclin being sterilized in 
the oven at ICO" C. for 2 hours before being added to sugar solution), or in tubes 
with a rubber cap to prevent evaporation of the water. Very delicate carbohydrates 
must be sterilized by filtration through a sterile bacteriological filler. The carbo- 
hydrates are generally added to media in 0.59b or 19b concentration. 

In the study of streptococci and allied bacteria, when the final acidity attained 
is of diagnostic importance it is be9t not to add the indicator to the medium. At 
the end of the incubation period (5 to 7 days) a small amount of the culture is 
removed and the pH determined by the method of Brown or other satisfactory 
methods. Where it is only necessary to determine whether acid is produced or 
not, the indicator may be added to tbe medipm before sterilization. 

To demonstrate gas production shake or stab cultures in agar media are often 
used, or liquid media covered with a petrolatum seal. The Smith type of fer- 
mentation tube may be used but by far the most common is the Durham tube. 
A small glass tube is inverted in the tube of medium. When the medium is auto- 
claved the inverted tube becomes filled with the medium. Any gas produced is 
trapped in the inverted tube. 

The amount of gas produced may vary with the conditions of the culture and 
the nature of the medium. Gas production may be completely inhibited by nitrates 
or nitrites in a9 low as 0.15b concentration. The gas produced is usually mainly 
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decree of acidity is made with methyl red indicator by adding a few drops of a 
0.04% solution of methyl red in 60% alcohol. A red color (acid) is called a 
positive test; a yellow color (alkaline) is a negative test. 

* Ferric Chloride Test for Hydrolysis of Sodium Hippurate. — Reagent: 12 
gms. of ferric chloride (FeCl 3 6H 2 0) dissolved in 100 c.c. of 2% hydrochloric acid 
in water. Tiansfer 0.8 c.c. of culture in sodium hippurate broth to a small test 
lube (Wassermann tube) and add 0.2 c.c. of the reagent. Mix immediately and 
observe after 10 to 15 minutfes. A permanent precipitate indicates the presence of 
benzoic acid (positive hydrolysis). 

Since sodium hippurate is first precipitated and later redissolved by the amount 
of reagent specified and since benzoic acid is also redissolved by a greater excess 
of the reagent, it is necessary to have the reagent and the medium balanced and to 
measure the amounts used in the test quite accurately. A conLrol test of the sterile 
medium should always be made. If the culture is quite turbid so as to confuse the 
reading of the result, it should be centrifuged and the clear supernatant used for 
the test. 

Solubility Test for Pneumococci with Sodium Desoxycholate. — Reagent: 


Sodium desoxycholate 10 gms. 

Alcohol 10 c.c. 

Water 90 c.c. 


Method . — To 1 c.c. of broth culture add 2 drops of reagent. Dissolution of 
pneumococci generally occurs in less than 5 minutes. Bile is commonly used for 
this test but the action is much slower and the results are much less clear-cut than 
with sodium desoxycholate. 

Hemolysin Test. — For differentiation of human and bovine types of hemolytic 
streptococci. 

With sterile capillar)' pipet transfer to small serological test tubes 10 to 15 
drops of the Inoth cultures. To each tube add an equal volume of 5% suspension 
in salt solution of washed labhit blood cells. Incubate at 37° C. for 2 hours. The 
amount of laking of the blood cells is indicated by negative, one plus, two plus, 
three plus and four plus. 

Action on Blood Agar, — Bacterial colonies (deep) in blood agar are of at least 
three types. The designations alpha (a), beta (/?) and gamma (y) of Smith and 
Brown have gained general acceptance. Any types of bacteria may produce these 
appearances but the cause may be different. Gram-negative bacilli producing the 
alpha type of colony do so because of the hydrogen sulphide which is produced, 
vshile the alpha type of streptococci, oi pneumococci, produces no hydrogen 
sulphide hut changes the hemoglobin to hematin which is oxidized to a greenish 
or brown substance. The alpha type of colony in the case of the cocci is char- 
acterized by an immediate zone of unhemolyzed blood cells, usually colored either 
green or brown. Outside of this zone is a partially clear area. The beta type of 
colony is the frankly hemolytic type. Recently various bacteria have been found 
to produce double or even triple zones of hemolysis, especially following re- 
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To 10 c.c. ol culture add 0.2 c.c. of Solution A. Add Solution B drop by drop 
until a red color appears. In the presence of nitriles a red azo-compound is formed. 
The reagents must be added in the order given. 

Cholera Red Reaction. — -For the identification of V. cholera. Culture in pep- 
tone water for 2 or 3 days. Add a few drops of concentrated sulphuric acid. A 
positive reaction is indicated by the development of a purplish pink color (a 
nitrose-indole reaction) . 

Acetyl-Methyl-Carbinol Test (Voges-Proskauer Reaction, Leifson).— This 
lest, is extensively used for the differentiation of aerobacter and eschcricia. The 
culture may be tested after 1 or more days of incubation. Reagent: Dissolve 1 gm. 
of CuS 0 4 5H,>0 in 10 c.c. of distilled water and when dissolved mix with 40 c.c. 
of concentrated ammonia water. Add 950 c.c. of 10% aqueous solution of sodium 
hydroxide. Add an equal volume of the reagent to the culture and shake thor- 
oughly. A positive reaction is indicated by the development in 10 to 20 minutes 
of a red color (not to be confused with the violet tint of the biuret reaction which 
also occurs). 

Production of Hydrogen Sulphide. — The production of hydrogen sulphide is 
of some value in differentiating bacteria but the test must be used with caution. 
Media for this test must be carefully standardized to get consistent results. By 
adding cystine or sodium thiosulphate to a medium almost any type of bacteria 
will produce hydrogen sulphide. The concentration of agar has also a considerable 
effect. Addition of meat infusion increases hydrogen sulphide production. The usual 
test for hydrogen sulphide is by means of lead acetate or ferric citrate, which are 
incorporated into agar media. Blood may also be u«ed and it turns a 6trong green 
color in the presence of hydrogen sulphide and oxygen. 

Analysis of Gas Formed by Bacteria . — Carbon Dioxide. — 1. For the estima- 
tion both qualitatively and roughly quantitatively of carbon dioxide produced by 
bacteria, cultures are grown in fermentation tubes containing sugar-free broth to 
which 1% of pure dextrose, lactose, saccharose, or other sugars has been added. 

2. The tubes are incubated until the column of gas formed in the closed arm no 
longer increases (24 to 48 hours). The level of the fluid in the closed arm is then 
accurately marked and the column of gas measured. 

3. The bulb of the fermentation tube is then completely filled with N/5 sodium 
hydroxide solution, the mouth closed with a clear rubber stopper, and the bulb 
inverted several limes in order to mix the gas with the alkali. The tube is then 
again placed in the upright position, allowing the gas remaining to collect in the 
closed arm. The gas lost may be roughly estimated and considered as being carbon 
dioxide. 

Hydrogen . — The gas remaining, after removal of the carbon dioxide in the 
preceding may be estimated as hydrogen. Wien allowed to collect near the mouth, 
further evidence of its being hydrogen may be gained by exploding it with a 
lighted match. 

Methyl Red Test. — Tor differentiating aerobacter and eschericia. The bacteria « 
are cultivated for several (4) days in the special (V-P-M-R) medium. A test for 
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410 BACTERIOLOGICAL METHODS 

frigeration of the blood plates. Differentiation of the various types of colonies 
should always be done by means of the low power of the microscope after incuba- 
tion for one or two days followed by refrigeration for one day. The blood agar 
plate constitutes one of the most serviceable of the culture media; the size and 
shape of the colonies frequently lend much aid in the identification of many 
pathogenic species as briefly summarized in tables 1, 2 and 3. 



GRAM NEGATIVE RODS WHICH GROW ON BLOOD AGAR PLATES 
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2. Carbuncles are larger and more severe and are produced by Streptococcus 
iemolyticus, Staphylococcus aureus or a mixture of the two. 

3. Chronic discharging furuncles and carbuncles may show additional organisms 
>f secondary infection or contamination listed below. 

4. Anthrax of the skin usually occurs as a severe furuncle with lymphadenitis 
sailed the “malignant pustule” caused by B. anthracis. 

5. Furuncles of the skin may occur in infections by pathogenic fungi as In 
actinomycosis, blastomycosis and sporotrichosis. 

Method. — 1 . Prepare thin smears of pus or serous fluid collected as described on 
page 380 on slides and stain by the method of Gram: examine: 


Gram-positive 


Staphylococci 
Streptococci 
B. anthracis 

B. pseudodiphthsriae ( Corynebacterium pseudodiphlheriae) 
B. subtilis 


Gram-negative 


B. pyocyaneus ( Pseudomonas aeruginosa) 
■ B. coli ( Escherichia coli ) 

B. proteus-vulgaris , 


. 2. Inoculate a tube of glucose hormone broth and a blood agar slant. If mixed 
infection is suspected prepare a blood agar plate by surface streak method. 

3. Incubate 24 to 48 hours. Examine colonies and prepare smears; slain by 
Gram method. Employ special methods described for identification of organisms. 

BACTERIOLOGICAL EXAMINATION OE INFECTED WOUNDS 

Principles. — 1. Traumatic wounds are likely to become infected with both 
aerobic and anerobic organisms from the skin, clothing, foreign bodies, etc. There 
is usually a latent period of 12 to 24 hours during which but few bacteria are found. 

2. Gangrene is usually caused by one or more of the pathogenic anerobic bacilli 
in association with aerobic organisms and is separately described on page 417. 

3. In the ordinary infected wound aerobic methods of examination are usually 
sufficient. If, however, gangrene or tetanus infection is suspected anerobic culture 
methods should be included as described under Bacteriological Examination of 
Gangrene. The areas at which smears and cultures are made should always be those 
in which bacteria are most likely to be present in large numbers as around foreign 
bodies, necrotic bone and deep in the sinuses and crevices of the wound. 

Method. — 1. Pus or secretions may be collected on sterile swabs and sent to the 
laboratory or smears and cultures may be directly prepared. 


CHAPTER XIX 

DIAGNOSTIC BACTERIOLOGICAL METHODS 

REGIONAL DISTRIBUTION OF PATHOGENIC OROANI8M8 

1. When material is submitted for bacteriological examination its source should 
be stated, as this information may indicate the probable bacteriological findings 
and guide the method of examination; for example, pus from an acute furuncle or 
“boil” usually shows a staphylococcus in pure culture. It is therefore helpful in 
bacteriological diagnosis to keep in mind the regional distribution of the pathogenic 
organisms, although in smears and cultures of the skin and mucous membranes 
open to air contamination, various nonpathogenic bacteria may be encountered 
which are not included herewith except such common ones as B. subtilis, B. proteas- 
vulgaris and the like. 

2. No attempt has been made to include all the organisms found and described 
in the different locations listed. For example, at least forty-six different ones have 
been found in the saliva and even a larger number in the feces, but the majority of 
them are little or no importance. For the identification of these the worker is re- 
ferred to Bergey’s Manual of Determinative Bacteriology. 

3. When material like feces containing many different bacteria is submitted far 
bacteriological examination, the specimen should be accompanied by a request 
designating the particular organism or organisms to be examined for. 

4. Since a smear of material or its culture stained by the Cram method at once 
yields ^ery useful information, it has proved helpful to arrange the regional dis- 
tribution of organisms on the basis of this differential stain. 

5. Animal parasites (protozoa and metazoa) are not included but are given 
elsewhere in the sections devoted to the examination of feces, sputum, etc. 

6. The new nomenclature of the American Society of Bacteriologists is given os 
well as the older names for the various micro-organisms for the assistance this may 
give in gaining familiarity with the newer terminology. 

7. A few of the pathogenic micro-organisms may be identified by stained smears 
alone (gonococci, diphtheria bacilli, tubercle bacilli, etc.) but the majority require 
a study of cultures and various biological characteristics described on succeeding 
pages. 


BACTERIOLOGICAL EXAMINATION OF PUS FROM FURUNCLES 
AND CARBUNCLES 

Principles. — 1. Regardless of location (skin, eyelids, external auditory canal, 
etc.) furuncles (abscesses or “boils”) are usually due to infection by Staphylococcus 
aureus or albus; “stitch” abscesses and pimples are usually caused by the latter. 
414 
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BACTERIOLOGICAL EXAMINATION" OF GANGRENE OF WOUNDS AND * 
METHODS FOR THE IDENTIFICATION OF FATHOGENIC 
AND NONFATHOGENIC, ANAEROBIC BACILLI 

Principles, — 1. Gangrene of wounds is usually due to infection with one or 
more of the pathogenic, anaerobic, spore forming bacilli. 

2. As a general rule secondary infection with staphylococci, streptococci, or 
any of the aerobic organisms mentioned under the Bacteriological Examination 
of Infected Wounds are usually present. 

3. Gangrene due to vascular occlusion as in Buerger’s disease, diabetes mellitus. 
etc., usually shows secondary infection or contamination with aerobic organisms. 

4. Gangrene of infected wounds may be predominantly gaseous or phlegmonous. 
The large, gram-positive, spore forming and anaerobic bacilli responsible for the 
infection of wounds are usually the result of contamination, as their natural habitat 
is the intestinal tract of man and animals. 

5. Any one or more of the following gram-positive bacilli may be found in 
smears and cultures: 

(a) B. Welcliii (Clostridium- welchii) or B. perfringens primarily re- 
sponsible for “gas*’ gangrene 

(b) B. oedemalis-maligni ( Clostridium aedematis-maligni ) or Vibrion 
septique primarily responsible for '‘phlegmonous*’ gangrene 

(cl B. oedematiens (CL oedematiens ) in “phlegmonous” gangrene 

(d) B. histolyticus (Cl. liislolyticus) 

(e) B. fallax (Cl. fallax) 

- (/) B. sporo genes (Cl. sporogenes ) : nonpathogenic 

6. These include the principal members of the group but other doubtfully or 
nonpathogenic species may be present. The identification and differentiation of the 
bacilli of this group is ordinarily quite difficult although the tuo principal 
members, B. xcelchii and B. oedematis maligni, are readily identified. 

7. Wounds, including gangrene, may be also infected with B, tetani and it is 
good practice to include examination for this bacillus as described below. 

Method. — 1, It is advisable to collect some of the serous or serogaseous exudate 
or pus for the preparation of smears and cultures; the material may be collected 
on sterile swabs. Excised portions of necrotic tissue and spicules of bone are also 
suitable. 

2. Prepare smears on slides and stain by the method of Gram. The above men- 
tioned organisms occur as large, Gram-positive bacilli with or without capsules; 
spores are not present but' occur in cultures or alkaline sugar-free medium. 
Staphylococci, streptococci and other Gram-positive and negative organisms men- 
tioned above under Bacteriological Examination of Infected Wounds may be 
present. 

3. Prepare cultures as follows: (a) a blood agar plate for aerobic cultivation: 
(6) a blood agar plate for anaerobic cultivation; ( c ) a tube of glucose hormone 
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2. Prepare tliin smears on elides and stain by Gram; any of the following 
organisms may be present: 

Staphylococcus aureus and albus 
Hemolytic and non hemoljtic streptococci 
Pneumococcus ( Diplococcus pneumoniae) 

B. diphthetiae {Corynebacterium diphlheriae) 

B. pseudodiphtheriae ( Corynebacterium pseudodiphtheriae) 

B. Sub til is 

Spirochaeta vincentii 

( B. pyocyaneus ( Pseudomonas aeruginosa) 

B. colt ( Escherichia coli) 

B. proteus-vulgaris (especially in gun shot wounds) 

B. fusi jorrnis ( Fusijormis dentium) 

3. Prepare cultures on blood agar plates (surface streak method) and in glucose 
hormone broth. 

4. Incubate 21 to 48 hours. Prepare smears of the broth culture and of different 
colonies; stain by method of Gram. Employ special methods for identification 
of organisms. 

Bacteriological Control of Treatment of Infected Wounds. — 1. There 
should be no disinfectant treatment of the wound for at least two hours before 
smears and cultures are made. 

2. Every two or three dajs smears should be made on slides with a sterile 
inoculating wire or sterile swabs, care being taken to obtain material from the 
worst parts of the wound. 

3. Dry in the air. Fix with heat. Stain with methylene blue or by Gram’s method, 

4. Wash with water, dry and examine (with oil-immersion lens and No. 10 
ocular). 

5. Estimate the average number of bacteria per field. The results may be charted. 
G. As long as there are over 50 bacteria per field, closure of the wound is contra- 
indicated. 

7. If 50 or less, make the examination each day and likewise cultures on blood 
agar for hemoljtic streptococci. 

8. If smears show gram-positive bacilli resembling the anaerobes, make 
anaerobic cultures. 

9. The presence of hemoljtic streptococci in any number contraindicates closure. 

10. The presence of a few saprophjtes (2 or 3 per field) does not contra- 
indicate secondary suturing of the wound. 

11; Cultures made from wounds recentlj' treated with a chlorine compound may 
be freed from the antiseptic chlorine by obtaining the material on a sterile swab, 
immersing this in a tube of sterile N/10 sodium thiosulphate solution, and then 
preparing cultures from this neutralized mixture. 


Gram-positive 


Gram-negative 
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BACTERIOLOGICAL EXAMINATION OF GANGRENE OF WOUNDS AND 
METHODS FOR THE IDENTIFICATION OF PATHOGENIC 
AND NONPATHOGENIC ANAEROBIC BACILLI 

Principles. — 1. Gangrene of wounds is usually due to infection with oi 
more of the pathogenic, anaerobic, spore forming bacilli. 

2. As a general rule secondary infection with staphylococci, slreptococc 
any of the aerobic organisms mentioned under the Bacteriological Examin 
of Infected Wounds are usually present. 

3. Gangrene due to vascular occlusion as in Buerger’s disease, diabetes mel 
etc., usually shows secondary infection or contamination With aerobic organ 

4. Gangrene of infected wounds may be predominantly gaseous or phlegmo 
The large, gram-positive, spore forming and anaerobic bacilli responsible fo 
infection of wounds are usually the result of contamination, as their natural hr 
is the intestinal tract of man and animals. 

5. Any one or more of the following gram-positive bacilli may be foun 
smears and cultures: 

(a) B. Welchii { Clostridium, ivelchii) or B. perfringens primarib 
sponsible for “gas” gangrene 

(b) B. oedematis-maligni { Clostridium oedemalis-maligni) or Vil 
septique primarily responsible for “phlegmonous” gangrene 

(c) B. oedernatiens [Cl. oedematiens) in “phlegmonous” gangrene 

(d) B. histolyticiis {Cl. histolyticus ) 

(e) B. fallax {Cl. jallax) 

■> (/) B. sporogenes {Cl. sporogenes ) ; nonpathogenic 

6. These include the principal members of the .group but other doubtful! 
nonpathogenic species may be present. The identification and differentiation oi 
bacilli of this group is ordinarily quite difficult although the two print 
members, B. ivelchii and B. oedematis maligni, are readily identified. 

7. Wounds, including gangrene, may be also infected with B. tetani and 
good practice to include examination for this bacillus as described below'. 

Method. — 1. It is advisable to collect some of the serous or serogaseous exu 
or pus for the preparation of smears and cultures; the material may be colle 
on sterile swabs, Excised portions of necrotic tissue and spicules of bone are 
suitable. 

2. Prepare smears on slides and stain by the method of Gram. The above i 
tioned organisms occur as large, Gram-positive bacilli with or without capsr 
spores are not present but occur in cultures or alkaline sugar-free medi 
Staphylococci, streptococci and other Gram-positive and negative organisms l 
tioned above under Bacteriological ' Examination of Infected Wounds may 
present. 

3. Prepare cultures as follows: (a) a blood agar plate for aerobic cultivafc 
(b) a blood agar plate for anaerobic cultivation; (c) a tube of glucose horn 
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broth for aerobic cultivation and ( d ) a deep tube of alkaline, sugar-free, cooked 
meat infusion broth for anaerobic cultivation, (e) Also boil a tube of glucose 
agar and cool to 42° C.; inoculate thoroughly; harden rapidly and cover with 
sterile paraffin oil or molten ftgar. 

4. Incubate 24 to 48 hours and examine; prepare smears of colonics and stain 
by method of Gram. 

5. Transplant colonies to alkaline, sugar-free infusion broth and cultivate 
anaerobically for 4 to 48 hours. 

6. Prepare smears and stain by Gram method; test for motility. Subculture in 
litmus milk, cooked meat medium, gelatin, Loffler’s blood serum and the following 
sugar broths for acid and gas: dextrose, lactose and salicin. 

7. Incubate anaerobically for 1 to 6 days and identify according to Table I. 


TABLE 
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which are added strips of No. 26 gage black stove-pipe iron, cut about 50 X 7 ram. 
Autoclave as usual, but reduce the pressure slowly when completed to avoid wetting 
or blowing of plugs. The medium is used for gas production, coagulation, digestion 
and blackening. Some .strains do not blacken the medium but produce a slight 
smoky browning;' in the following table these are recorded as negative ( — ). 


1 TABLE II 

“Tentative Kin-” after Spray for the Identification - of the Sporulatinc Anaerobes 


Organisms 


Lend. ucrl. 

* 

© 

w 

Co 

¥■ 

to 

i 

i 

* 

1 

5 

*■ 

u 

•o 

s 

V 

e 

Gelalin 

.c 

Nitrite 


p 

•c 

1 to 

<5 

t 

1 

i ° 

§, 

i & i 

J i 

u 

3 1 

S3 ! 

Cl. welehii 

+ 

+ 

— 

— 1 

4- : 

t 

— 

4- 

+ 

4- 

- 

4- 

- 

— 

Yibrion septique 

+ 

+ 

- 

- 

- 

— 

t 

4- 

4- 

4- 

- 

4- 

— 

4- 

Cl. oedematiens 


wm 

- 

i 

4- 

■ 

— 

— 

+ 

— 

4- 

— 

- 

- 

4- 

Cl. telani 

g 


- 

- 

— 

1 

i 

— 

— 

j 

4- 

i 

2 

- 

+ | 

4- 

Cl. liistolyticum 


+ or — 

4 . 

4- 

— 

— 

- 

— 

- 

+ 

— 

— 

- 

4- 

Cl. sordelli 


+ or — 

4- 

4 - 

-L 

t 

— 

— 

4- 

- 

+ 

9 

— 

s. 

1 

4- 

CL cliauvoei 

rir 

4- or — 

— 

B 

+ 

4- 

- 

4- 

4- 

4* 

- 

4* 

— 

1 + 

Cl. fallax 

± 

+ 

— 

B 

+ 

4- 

4- 

4* 

4- 

— 

— 

4- 

— 

4- 

Cl .bo tulinum (A.B) 

- . i 


+ or — 

+ 

4- 

4- 

— 

4- 

4- 

B 

4- 

2 

- 

— 

4- 

Cl. botulinum (C) 

± 

+• or — 

— 

- 

- 

- 

- 

4- 


1 4* 

— 

— 

— 

4- 

CL aerofoetidum 

+ 

+ 

- 

— 

4- 

— 

4- 

4- 

1 '4- 

+ 

— 

O- 

1 

- 

4- 

Cl. mullifcr- 

mentans 

+ j 

+ 

— 

— 

— 

I 4* 

! + 

-L 

4" 

— 

— 

4* 

— 

4- 

Cl. sphenoidcs 

: 

± I 

+ 

— 

— 

4- 

4- 

4- 

4- 

4- 

- 

2 

4- 

J-s 

4- 

CL tertium 

* I 

+ 

— 

- 

dr 

: 4- 

4- 

4- 

4- 

- 

- 

4” 

■ 

+ 

Cl. sporogenes 

dr ' 

. . ! 

-r or — 

4" 

4- 

+ 

B 

1 

+ 

1 

4- 


B 

a 

4- 

CLtetanomorphum 


+ or — 

B 

fl 

B 

B 

B 

4- 

■ 

B 

B 

B 

+ 

+ 


* Titrate end reaction at end of 36 hours; acidity is + ; presence and amount of gas not reliable; questionable, 
f Must be made early upon perceptible turbidity. 


(6) Difco lead acetate semisolid agar for hydrogen sulphide. 

(c) Sucrose, salicin, glucose and lactose agars: 1 per cent in agar prepared 
of 10 grams of Difco neopeptone, 10 grams Difco tryptone, 2.5 grams agar flakes 
and 1000 c.c. distilled water; pH 7.3 to 7.4; andrade or other indicators added or 
omitted; tubed; autoclaved. 

Keep one part without sugar as a control. It is used for the detection of indol 
(Ehrlich and vanillin violet) tests being made 3 to 7 days after inoculation fol- 
lowing a determination of the pH. The vanillin violet test is conducted by adding 
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10 drops of 5 per cent vanillin in 95 per cent alcohol followed by 10 drops of 
concentrated hydrochloric acid. The orange indol reaction appears in degree 
according to species. 

(d) Iron-gelatin prepared of 128 grams Difco nutrient gelatin, 1 gram dextrose 
and 1000 c.c. distilled water. Dissolve in boiler; adjust to pH 7.3 to 7.4; tube and 
add to each one strip oi iron; autoclave. 

Incubate cultures at 37° C. and test daily in ice water for 10 days; if negative, 
paraffin the stoppers and test up to 30 days. 

(e) Nitrate semisolid agar prepared of 5 grams of Difco tryptone, 5 grams of 
Difco neopeptone, 2.5 grams agar (lakes and 1000 c.c. distilled water. Boil; adjust 
pH 7.3 to 7.4 -and add 1 gram potassium nitrate and 0.5 gram glucose. Tul>e 
and autoclave. 

Test after 72 hours’ incubation usin" 0.6 per cetn dimethyl-alpha-naphthylamine 
(Eastman), with sulfanilic acid, both in dilute acetic acid. 1 

Animal Inoculation for B. Welchii. — 1. Inject a rabbit intravenously with 
1 to 3 c.c. of a saline suspension of infected material. 



Fic. 234 . — Clostridium Welchii 

1. Smear from wound. 2, Smear from culture. 3, Culture tube showing gas formation in agar. 
(From Park, Williams and Krumwiede, Pathogenic Microorganisms, Lea and Febiger.) 

2. Five minutes later kill the animal and place the body in an incubator at 37° C. 
for 12 to 18 hours. 

3. B. tvelchii produces distention with gas and bubbles may be formed in heart, 
arteries and liver. Prepare smears and stain by Gram. Prepare shake cultures in 
molten glucose agar cooled to 42° C. and incubate for 21 to 48 hours. 

4. Large, gram-positive bacilli which may he encapsulated with “stormy fer- 
mentation” of the glucose agar are presumptive evidence of the presence of 
B. welchii (Fig. 234) . The method is not infallible, however, as the findings may 
be due to postmortem invasion by anaerobic organisms from the intestinal tract 
of the animal. 

Animal Protection Test for Diagnosis of Gaseous and Phlegmonous Gan- 
grene. — 1. Prepare a saline extract of macerated gangrenous tissue or wound 
secretion. 

1 3. Bad., 1936,32:135. 
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inject a second pig with the same dose along with 500 units of tetanus antitoxin. 
In the presence of tetanus bacilli the first animal will usually succumb with 
symptoms of tetanus within 4 days while the second survives. 

Animal Inoculation Test. — 1. So few tetanus bacilli and spores may be present 
in foreign matter, tissue scrapings, etc., from a wound as to escape bacteriological 
detection. 

2. It is always advisable, therefore, to use a portion of the material for inocula- 
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tion of 8 to 10 ounce guinea-pigs. Prepare a finely divided emulsion in 2 or 3 c.c. of 
sterile saline. Inject 1 c.c. into the thigh of a pig. Inoculate a second pig with the 
same amount and also inject 500 units of tetanus antitoxin subcutaneously. In the 
presence of tetanus bacilli or spores the first animal is apt to develop tetanus 
and succumb in 1 to 4 days while the second survives with no symptoms. 

3. In a clinical case of tetanus, toxin may be found in the cerebrospinal fluid. 
Inject 2 or 3 c.c. into the thigh of a young pig. Inject a second animal with the 
same amount along with 500 units of antitoxin. In the presence of toxin the first 
animal may develop symptoms or succumb in 1 to 4 days. 

BACTEEIOLOGICAL EXAMINATION Or LYMPHATIC GLANDS 
Principles. — 1. The bacteriology of the lymphatic glands is quite varied and 
their bacteriological examination is greatly aided by a knowledge of the clinical 
aspects of each case for the selection of technic to be employed. 

2. Suppurative lymphadenitis is always likely to occur in association with in- 
fected wounds and lymphangitis. When pus is examined bacteriologically imme- 
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Method for Examination for Tubercle Bacilli.— 1. Prepare smears on slides 
and stain by Ziehl-Neelson method. 

2. Examine carefully for acid-fast bacilli. 

3. If present they are likely to be tubercle bacilli but this diagnosis should be 
confirmed by culture and guinea-pig inoculation. 

4. If a large amount of pus is available and direct smears are negative, one 
of the concentration methods described on page 482 may be employed. 

5. Prepare cultures on Corper’s crystal violet potato or Petroff medium as de- 
scribed on page 483. 

6. Conduct a guinea-pig inoculation test as described on page 481. 

7. If a gland has been removed, place a portion or 4 formalin for micro- 
scopical examination of sections. The balance should he finely minced or emulsified 
under aseptic conditions in sterile saline. Cultures are then prepared and guinea- 
pigs inoculated. 

BACTERIOLOGICAL EXAMINATION OF FI8TULAE 

Principles. — 1. Fistulae are usually chronic with mixed infection or con- 
tamination by two or more organisms. 

2. They may occur in connection with tuberculous or pyogenic osteomyelitis 
and arthritis; following operations; in actinomycosis or other fungus infections 
of the skin; sarcoma and carcinoma, etc. 

3. It is sometimes difficult to determine the nature of the primary infection 
because of the presence of secondary organisms like B. pyocyaneus, B. pieudo- 
diphtheriae, B. proteus-vulgaris, B. colt, B. subtilis, etc. 

4. Whenever possible fragments of tissue or bone or scrapings should be ex- 
amined rather than free pus. Otherwise material should be obtained from the 
deeper parts on sterile swabs. 

Method. — 1. Prepare thin smears on slides and stain by the Gram method. If 
tuberculosis is suspected stain by the Ziehl-Neelson method and examine carefully 
for acid-fast bacilli. If actinomycosis, blastomycosis or sporotrichosis are suspected 
examine wet preparations. 

2. Prepare cultures on blood agar plates for the ordinary organisms. Bits of 
tissue or fragments of bone may be placed in glucose hormone broth, incubated 
at 37° C. for 24 hours, smears examined and plates prepared for isolation if more 
than owe organism is present. 

3. If tuberculosis is suspected, use Corper’s or PetrofTs medium although it is 
difficult to secure the tubercle bacilli under these conditions. Conduct a guinea-pig 
inoculation test. 

4. If a pathogenic fungus or yeast is suspected use Sabouraud’s medium. 

BACTERIOLOGICAL EXAMINATION OF ULCERS 

Principles. — 1. Ulcers may occur on the skin, cornea and various mucous mem- 
branes (conjunctivae, nose, throat, mouth, vagina, urethra, bladder, rectum, etc.) 
due to a wide variety of infections with pathogenic bacteria, fungi, yeasts, etc. 
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2. The methods of examination to be employed, therefore, will largely depend 
upon the nature of the infection suspected. 

3. Secondary infection or contamination is common and the bacteriological 
detection of the primary or specific infection may be difficult. 

4. Ulcers due to vascular occlusion or trophic changes invariably become in- 
fected or contaminated with pathogenic and nonpathogenic organisms. 

5. Material may be collected as described on page 424. The method is impor- 
tant, as mere suiface collections may fail to reveal the organism of primary infec- 
tion. An effort should be made to collect material from the base or depths of the 
ulcer after cleansing. Sometimes removal of tissue by biopsy is required for 
acceptable bacteriological examination. 

Method. — 1. Prepare thin smears. Stain by method of Gram. Stain for acid- 
fast bacilli if tuberculosis is suspected. Examine fresh material by dark-field method 
if syphilis or Vincent’s infection is suspected. Examine wet preparations if infec- 
tion with fungi or yeasts is suspected. Ordinarily such direct methods are more 
valuable than cultures for diagnostic purposes. 

2. Inoculate glucose hormone broth and prepare blood agar plates by surface 
streak method for ordinary pyogenic organisms. Use Corper’s or PetrofPs media 
if infection with B. tuberculosis is suspected. Use Sabouraud’s medium for fungi 
and yeasts. 

3. Guinea-pig inoculation is best for the detection of B. tuberculosis; testicular 
inoculation of rabbits may be employed in the detection of Spirochaeta pallida. 

4. Employ special methods for identification of organisms. 

bacteriological examination of the eye 

Principles. — 1. Infections of the eye in relation to bacteriological diagnosis 
are usually those involving the lids (hordeola and blepharitis) ; the conjunctivae 
(acute and chronic conjunctivitis) ; the cornea and fluid of the anterior chamber 
(acute and chronic keratitis with or without ulcers) : the iris and anterior chamber 
fluid (in acute and chronic iritis) ; the lacrimal ducts and sac (dacrocystitis) and 
sometimes the lens, choroid, retina and fluid of the posterior chamber. 

2. Smears and cultures of the conjunctival sac are also sometimes required 
before iridectomy and other operations for the purpose of determining whether 
or not preparatory disinfection is required. 

3. Blood agar slants and plates as well as tubes of glucose hormone broth are 
suitable for the preparation of cultures. When pus and secretions are collected 
on sterile swabs, smears and cultures should be promptly made. 

4. Material may be collected as described on page 317. Well prepared smears 
of pus or secretions are of great value in the bacteriological diagnosis of con- 
junctivitis. Local treatment should be stopped until sufficient is obtained for smears 
and cultures. 

Method. — 1. Stain thin smears by the method of Gram and examine. Additional 
smears may be stained with methylene blue or diluted carbolfuchsin. Fresh wet prepa- 
rations should be made and examined in suspected infection with fungi and yeasts. 
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2. Cultures in glucose hormone broth, on blood agar plates or tubes should be 
incubated at 37° C. for 24 to 48 hours and examined. Special culture media are 
required for B. tuberculosis, B. lularerue , fungi and yeasts, etc. 

3. Material to be examined for B. tuberculosis may be examined in smears 
stained by the Ziehl-Neelson method but guinea-pig inoculation is required. 

4. The following organisms may be found in infections of these parts: 


Gram-positive 


I Staphylococcus aureus and albus 
| Streptococci, both hemoI)tic and nonhemolytic 
: Pneumococci 

B. diphtheriae (Coryncbaclerium diphtheriae) 

I B. xerosis ( Corynebacterium xerosis) 

I B. anthracsis 
B. subtiUs 
Oiditim albicans 
Leptothriccs 
Streptothrices 
I Actinomyces hominis 
Aspergillus fumigalus 


Gram-negative 


'Gonococcus (Neisseria gonorrhoeae ) 

M. catarrhalis (Neisseria calarrlialis) 
Meningococcus (A'emena intracellular is) 

Bacillus Morax-Axenfeld (Hemophilus lacunatus) 
Bacillus Koch-lTeehs (Hemophilus conjunctivilidis) 
B. influenzae ( Hemophilus influenzae) 

B. pyocyaneus (Pseudomonas, aeruginosa) 

B. tularense (Pasteurella tularensis ) 

_B. Zar-Nedden 


BACTERIOLOGICAL EXAMINATION OF THE NOSE AND 
ACCESSORY SINUSES 

Principles. — 1. Methods for the collection of material are important and are 
described on page 318; as a general rule, these should be made by a rhinologist. 

2. The bacteriology of these parts is quite varied and special methods are re- 
quired for certain organisms. 

3. In suspected leprosy prepare smears on slides and stain for acid-fast bacilli 
by the Ziehl-Neelson method. In leprosy of the skin a nodule may be removed 
by biopsy. Place a portion of 4^» formalin for microscopical examination of sec- 
tions. Smears may be prepared and stained for B. leprae. 

4. Furuncles of the atrium are caused by Staphylococcus aureus or albus. 

5. The etiological agent of the acute infectious “cold” or coryza is apparently 
the filtrable virus of Dochez. Later in the disease secondary infection with pyogenic 
and other organisms commonly occurs. 

Method. — I. Prepare smears on slides and stain by method of Gram and 
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methylene blue. Smears for Spirochaeta vincentii and B. jusijormis should be 
stained with carbolfuchsin. Smeais for tubercle bacilli should be stained by the 
Ziehl-Neelson method and carefully examined. In suspected chancre, a daik-field 
examination for Spirochaeta pallida is required. It is useless to examine for this 
organism in chronic.syphilitic lesions, as ulcerated gummata. 

2. Inoculate tubes of glucose hormone broth and blood agar for pyogenic or- 
ganisms. Use Loffler’s blood serum for B. diphtheriae. Use blood agar plates if 
mixed infection is suspected, as in chronic sinusitis. 

3. Incubate 24 to 4S hours. Examine smears stained by the Gram method and 
methylene blue. Any of the following organisms may be present: 


Gram-positive 


'Staphylococcus aurpus and albus , 

Streptococci 
Pneumococci 

. B. segmentosus ( Corynebacterium segmentosum ) 

B. diphtheriae ( Corynebacterium diphtheriae ) 

B. pseud odiphtheriae ( Corynebacterium pseud odiphtheriae) 
B. subtilis 


Gram-negative 


M. catarrhalis (Neisseria catarrhalis) 
Meningococcus ( Neisseria intracellularis) 

B. Mucosas ozaenae ( Klebsiella ozaenae) 

B. rhinoscleroma (Klebsiella rhinoscleromatis) 
Friedlander’s bacillus ( Klebsiella pneumoniae) 
B. pyocyancus ( Pseudomonas aeruginosa ) 

B. influenzae ( Hemophilus influenzae) 

B. fusiformis ( Fusiformis dentium) 

B. pertussis (Hemophilus pertussis) 

B. mallei (Pfeifferella mallei) 

B. proteus vulgaris 

Spirochaeta vincentii (Borrelia vincentii) 


Acid-fast 


Jfi. tuberculosis (Mycobacterium tuberculosis) 
\B. leprae (Mycobacterium leprae) 


BACTERIOLOGICAL EXAMINATION OF THE THROAT INCLUDING 
NASOPHARYNX AND TONSILS 

Principles. — 1. It is important that smears and cultuies be properly prepared: 
methods are described on page 318. 

2. Whenever possible the particular infection suspected or to be examined for 
should be stated to guide technic, choice of culture medium, etc. 

3. Smears on slides or wet preparations for dark-field examination are required 
for the detection of Spirochaeta vincentii and B. fusiformis. Smears may be of 
some value in the detection of diphtheria bacilli, but when negative should never 
be allowed to exclude the possibility of this infection. With the exception of 
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Vincent’s angina and tuberculosis, cultures are required for the bacteriological 
examination of these parts. 

Method. — 1. Smears on slides prepared direct or from swabs for examination 
for Vincent’s infection may be stained with dilute carbolfuchsin; otherwise the 
method of Gram is preferred. 

2. Smears for tubercle and leprae bacilli should be stained by the Ziehl-Neelson 
method. 

3. For diphtheria bacilli use tubes or plates of Lofiler’s blood serum media. 
For the meningococcus, sheep serum or other special media in plates may be 
employed. For other organisms as streptococci, staphylococci, pneumococci and 
bacilli of the hemophilic group, inoculate plates of blood agar and tubes of 
glucose hormone broth. 

4. Incubate 21 to 48 hours. Examine colonies. Prepare smears and slain by the 
Gram method; the following organisms constitute the more important of these 
parts: 


Gram-positive 


Staphylococcus aureus and albus 

Streptococci 

Pneumococci 

B. diphtherias (Corynebacterium diphtheriae) 

B. pseudodiphtheriae ( Corynebacterium pseudodiphtheriae ) 


Gram-negative 


| M. catarrhalis {Neisseria calarrhalis) 

I M. flavus ( Diplococcus per {lava) 

M. pharyngis siccus ( Diplococcus siccus) 
Meningococcus ( Neisseria intracellularis) 

B. influenzae ( Hemophilus influenzae) 

B. fusiformis ( Fusiformis dentium) 

B. pertussis (Hemophilus pertussis) 

B. pyocyaneus ( Pseudomonas aeruginosa) 

B. proteus vulgaris 

Fried! ander’s bacillus (Klebsiella pneumoniae) 
Spirochaela vincenli ( Borrelia vincenti) 


Acid-fast 


'B. tuberculosis ( Myobacterium tuberculosis) 
B. leprae (Mycobacterium leprae) 


BACTERIOLOGY OF THE MOUTH INCLUDING THE TEETH AND GINGIVAE 

Principles. — 1. The collection of material for the bacteriological examination 
of the teeth and gingivae is very important and methods are described on page 320. 

2. Gingival pus and secretions require the examination of fresh wet preparations 
for spirochetes and endamebae as well as the examination of stained smears and 
cultures. 

3. The results of dark-field examination of ulcers for Spirochaela pallida must 
be interpreted with great care and caution because of the chances of error with 
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Spirochaela microdentium and other spirochetes commonly found in the saliva. 

4. For mycotic infections the examination of fresh wet preparations and stained 
smears is required in addition to cultures. 

Method. — 1 . Prepare smears and stain with diluted carholfuchsin and By the 
method of Gram. 

2. Prepare and examine wet preparations for Endameba gingivalis, Oicfium 
albicans, etc. 

3. Dark-field examination of fresh wet preparations may be conducted for the 
detection of spirochetes. 

4. Prepare cultures on plates of blood agar by the surface streak method. The 
apices of extracted teeth are best cultured in Rosenow’s brain broth or glucose 
hormone broth. After incubation for 24 to 48 hours prepare smears stained by 
Gram method. For the isolation of mixed cultures inoculate blood agar plates by 
the surface streak method. Anaerobic cultures are sometimes required. 

5 The bacterial flora is extensive and variable; the chief organisms are as 
follows: 


Gram-positive -j 


[ Staphylococcus aurdus and albas 
Streptococci 
Pneumococci 

M. tetragenus ( Gaffkya tclragena) 

B. diphtheriae ( Corynebaclerium diphtheriae) 

B. pseudodiphthcriae ( Corynebacterium pseud odiphtheriae) 
B. acidophilus ( Lactobacillus acidophilus ) 

B. mesentericus ruber (B. teres ) 

B. mesentericus-vulgatus [B. graveolens) 

B. mesentericus-juscus {B. mesentericus) 


Various sarcinae 
Leptotrichia buccalis 
Streplothrices 
, Oidium albicans 


Gram-negative 


M. catarrhalis ( Neisseria calarrhalis) 

B. fusiformis ( Fusiformis dentium) 

B. coli (Escherichia coli) 

B. influenzae ( Hemophilus influenzae ) 

Vibrio sputigenus 

B. proleus — vulgaris ( Proteus zenkeri) 

Spirochaela vincentii ( Borrelia vincentii) 

Spirochaela microdentium { Treponema microdentium) 
Spirochaeta macrodentium ( Treponema macrodentium ) 
Spirochaela mucosum ( Treponema mucosum ) 


Acid-fast 1 1?, tuberculosis ( Myobdcterium tuberculosis) 
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BACTERIOLOGICAL EXAMINATION OF THE EARS AND MA8T01D9 

Principles.— I. It is always advisable to prepare cultures of pus in acute 
otitis media as soon as possible after paracentesis typani or after spontaneous 
rupture, since pure cultures of the infecting organism are thereby usually ob- 
tained. In chronic suppurative otitis media, mixed cultures arc the rule. 

2. It is good practice to routinely culture all cases of mastoiditis at the time 
of operation. Pure cultures are the rule and in case of subsequent complications, 
like lateral sinus thrombosis with septicemia or meningitis, valuable information 
will be previously obtained. 

3. The technic for obtaining and culturing material of these parts for bacterio- 
logical examination is very important and described on page 322. 

Method. — 1. Stain smears by the method of Gram and examine. They are of 
limited value and cultures are preferred. 

2. Cultures are best prepared on slants or plates (preferred) of blood agar; 
plain agar should not be used. Lofllcr’s blood scrum is acceptable. At the same 
time it is advisable to inoculate tubes of glucose hormone broth or Rosenow’s 
brain broth medium as these are best for the cultivation of streptococci and 
pneumococci. 

3. Incubate 21 to 48 hours. Examine colonies. Prepare and slain smears by 
Gram method. Streptococci must l>c differentiated from pneumococci. Identify 
organisms by proper methods; 


Gram- positive 


Staphylococcus aureus and albus 

Streptococci 

Pneumococci 

B. diphlheriae ( Corynebactcrium diphtheriae) 

B. pseudodiphtheriae (Corynebactcrium pseudodiphthcriae) 


Gram-negative 


'At, catarrhalis (Neisseria catarrhalis) 
Meningococcus (Neisseria intracellularis ) 

B. pyocyaaeus (Pseudomonas aeruginosa) 

I B. influenzae (Hemophilus influenzae ) 

I B. fusiformis (Fusiformis dentium) 

I Friedlander’s bacillus (Klebsiella pneumoniae ) 
B. proteus vulgaris 

L ‘ Spirochaeta vincenti ( Borrelia vincenti) 


Acid-fast j B. tuberculosis (A/ycobacterium tuberculosis) 


BACTERIOLOGY OF THE SPUTUM INCLUDING SECRETIONS AND 
PUS OBTAINED BY BEONCHOSCOPIO DRAINAGE 

Principles. — 1. Methods for the collection of sputum and bronchial secretions 
for bacteriological examination are given on page 319. They are particularly im* 
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portant in relation to bacteriological diagnosis and the preparation of autogenous 
■vaccines. 

2. In the different tjpes of suppurative pneumonitis (lung abscess; bronchiec- 
tasis etc.) anaerobic cultures should be included in addition to aerobic cultures. 

3. The bacterial flora ordinarily includes many different bacteria as well as 
■various fungi and yeasts. Whenever possible the particular organism suspected 
clinically should be specified in order to guide the bacteriological technic. 

Method. — 1 . Routinely prepare and carefully examine smears stained by the 
Ziehl-Neelson technic for tubercle bacilli. Several specimens of sputum may be 
required for examination before tubercle bacilli are found. 

2. Cultures for tubercle bacilli on Corpcr’s, PelrofFs or other special media 
are advisable. 

3. Guinea-pig inoculation for tubercle bacilli may be required, 

4. Make a dark-field examination for spirochetes or smears may be stained with 
diluted carbolfuchsin. Prepare smears and stain by the method of Gram. 

5. Prepare and examine fresh wet smears for fungi and } easts. Prepare cultures 

on Sabouraud’s medium, if infection with these organisms is suspected. , 

6. Prepare blood agar plates by the surface streak method or inoculate tubes 
of glucose hormone or Rosenow’s brain broth media and plate after 24 hours’ 
incubation. It is advisable to include anaerobic incubation with duplicate cultures. 

7. The more important organisms are as follows: 


Gram-positive 


Staphylococcus aureus and albus 

Streptococci 

Pneumococci 

M. tetragenus ( Gaffkya tetragena ) 

B. diphtheriae ( Corynebacterium diphtheriae ) 

B. pseudodiphtheriac ( Corynebacterium pseudodiphtheriae ) 
J Blastomycetes 
Actinomyces 
Actinomyces hominis 
Actinomyces asteroides 
Streptothrices 
Leplotrichia buccalis 
Oidium albicans 


Gram-negative 


(M. catarrhalis ( Neisseria catarrhalis) 
Meningococcus ( Neisseria intracellularis ) 
Friedlander’s bacillus ( Klebsiella pneumoniae ) 
B. pyocyaneus ( Pseudomonas aeruginosa) > 
B. jusijormis {Ttistjormis dentium) s 
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Gram-negative 


B. pertussis ( Hemophilus pertussis) 

B. influenzae ( Hemophilus influenzae ) 

B. proteus vulgaris 
B. coli (Escherichia colt) 

' Spirochaeta vincenti ( Borrelia vincenti ) 

Spirockaeta microdentium ( Treponema microdentium) 
Spirochaeta macrodentium ( Treponema macrodentium) 
[Spirochaeta mucosum ( Treponema mucosum) 


Acid-fast | B. tuberculosis ( Mycobacterium tuberculosis ) 


BACTERIOLOGICAL EXAMINATION OE THE CEREBROSPINAL rLTJID 

Principles. — 1. Cerebrospinal fluid should be collected under rigid aseptic 
precautions to prevent accidental contamination with Staphylococcus albus and 
other organisms of the skin; a method is described on page 296. 

2. Bacteriological examination should be made as soon as possible after col- 
lection os otherwise delicate organisms and especially the meningococcus, may not 
survive. 

3. Relatively large amounts of fluid or sediment should be cultured (0.5 to 
l c.c.) instead of only 1 or 2 loopsful. 

4. Smears and cultures are required routinely. Fluids showing no organisms 
in direct smears may yield positive cultures; or organisms may be found in direct 
smears of fluid or sediment with sterile cultures. 

5. Spinal fluid is normally crystal clear. Opalescence to turbidity usually in- 
dicates the presence of pleocytosis due to meningitis in case blood is absent. Per- 
fectly clear fluids, however, may be observed in tuberculous meningitis. 

Method. — 1. The examination of stained smears is very important. These may 
be prepared of cloudy fluid. It is better to remove a portion with a sterile pipet; 
centrifuge thoroughly. The supernatant fluid may be used for protein, sugar and 
other determinations. Prepare smears of the sediment. Slain by the method of 
Gram and with methylene blue. Definitely gram-negative diplococci (intracellular 
or extracellular) justifies a provisional diagnosis of meningococcus meningitis and 
the prompt administration of serum. 

2. In suspected tuberculous meningitis stain smears by the Ziehl-Neelson 
method. If a coagulum has formed, carefully tease out a portion on a slide, dry 
and stain. A careful search should be made for acid-fast bacilli (usually requires 
about an hour). 

3. With a sterile pipet inoculate 0.5 to 1 c.c. on a blood agar slant or plate. 
Do not ose plain agar. It is advisable to inoculate a tube of glucose hormone broth 
at the same time with 0.5 to 1 c.c. Loffler’s blood serum medium is also service- 
able. Incubate 24 to 43 hours. Examine cultures. Prepare smears stained by the 
method of Gram. Identify organisms. Gram-negative diplococci are usually the 
meningococcus. Gram-negative bacilli are usually B. influenzae. Gram-positive 
cocci in chains are usually hemolytic streptococci or a pneumococcus. Differentiate 
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by appearance of colonies, bile solubility, inulin fermentation and agglutination 
tests. ' 

4. For tubercle bacilli use Corper’s or PetrofPs media. Inoculate guinea-pig. 

5. Spirochaela pallida- is best detected by intratesticular inoculation of rabbits 
with I to 3 c.c. of fluid immediately after removal. 

6. Acute primary meningitis is usually due to the meningococcus, streptococcus, 
pneumococcus or B. influenzae. 

7. Acute secondary meningitis complicating otitis media, mastoiditis, sinusitis 
and injury is usually due to the streptococcus, pneumococcus or staphylococcus. 
These and other organisms less commonly encountered are as follows: 


Gram-positive 


Streptococci 

Pneumococci 

Staphylococci 

M. tetra genus {Gafjkya tetragena ) 

Actinomyces 

Yeasts 


Gram-negative 


Meningococcus ( Neisseria inlracellularis ) 
B. influenzae ( Hemophilus influenzae ) 

B. coli ( Escherichia coli) 

B. typhosus {Eberlhella lyphi) 

B. peslis ( Pasteurella peslis) 


Acid-fast 


| B. tuberculosis ( Mycobacterium tuberculosis) 


ip 


BACTERIOLOGICAL EXAMINATION OP PERITONEAL EXUDATES 

AND TRANSUDATES 

Principles. — 1. Peritoneal transudates ( ascites ) when collected aseptically are 
usually sterile but sometimes contain diphtheroid bacilli or other organisms de- 
tected by aerobic or anaerobic cultivation. Fluids are sometimes contaminated 
with Staphylococcus albus and other organisms from the skin. 

2. Peritoneal exudates (pus) in cases of localized or diffuse peritonitis may 
show one or more organisms depending upon the cause of peritonitis. In sup- 
purative appendicitis with rupture and in peritonitis following the rupture of 
peptic ulcers and perforating wounds of the intestines, the infection is always a 
mixed one with intestinal organisms and anaerobic cultures for B. tuelchii and 
other anaerobic spore-forming bacilli should be included in the bacteriological 
examination. 

Method. — 1. Centrifuge and prepare smears of the sediment; stain by the 
method of Gram. 

2. Inoculate blood agar plates with 0.5 to I c.c.: also inoculate tubes of Rosc- 
now’s brain broth or glucose hormone broth. Cultivate one set aerobically for 24 
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to 48 hours and the second set anaerobically for several days. Examine colonies. 
Prepare smears and stain by the method of Gram. Identify organisms. 

3. If tuberculous peritonitis is suspected stain smears by the Ziehl-Neelson 
method and examine very carefully for acid-fast bacilli. Prepare cultures on 
Corper’s or Petroff’s media; inoculate guinea-pigs. 

4. The bacteriology may be quite varied but the following embrace the or- 
ganisms usually encountered: 


Gram-positive 


I Staphyl ococcl 
Streptococci 
Pneumococci 

j B. u elchii (B. aerogenes-capsulatus) 

B. pseudodiphtheria (Corynebacleriuni pseudotliphtheriae) 
B. subtilis 


Gram-negative 


^B. colt ( Escherichia coli) 

B. pyocyaneus (Pseudomonas aeruginosa) 
B. proteus— vulgaris 
B. typhosus ( Eberlhella typhi) 


Acid-fast 


| B. tuberculosis (Mycobacterium tuberculosis) 


BACTERIOLOGICAL EXAMINATION OF FLEUBAL AND PERICARDIAL 
EXUDATES AND TRANSUDATES 

Principles. — I. Pleural and pericardial transudates are usually sterile when 
collected ascptically. They are sometimes found contaminated with Staphylococcus 
albus or other organisms from the shin. 

2. In pleuritis (empyema) the pus collected by aspiration usually shows in- 
fection due to pneumococci, hemoljtic streptococci. Staphylococcus aureus or 
B. influenzae. In chronic pleuritis with drainage organisms of secondary infection 
or contamination are not unusual as described under tho Bacteriological Examina- 
tion of Fistulae. 

3. In pericarditis the exudate or pus usually shows the presence of a strepto- 
coccus, pneumococcus or staphylococcus. In pericarditis following trauma addi- 
tional organisms may be found. 

Method. — 1. Centrifuge if necessary and prepare smears of the sediment. Stain 
by the method of Gram. If tuberculosis is suspected stain by the method of Ziehl- 
Neelson and examine very carefully for acid-fast bacilli. 

2. Inoculate plates of blood agar by the surface streak method. Also inoculate 
tubes of Roscnow’s brain broth or glucose hormone broth and incubate at 37® C. 
for 24 to 48 hours. If tuberculosis is suspected inoculate tubes of Corper’s or 
Pelroff’s media; inoculate guinea pigs. 

3. Examine coIonie«. Prepare and stain smears by the method of Gram. Identify 
organisms present. The following include those usually present : 
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Gram-positive 


Staphylococci 

Streptococci 

Pneumococci 

B. pseudodiphthcriae ( Corynebactcrium pseudodiphthcriae) 


Gram-negative 


M. catarrhal is ( Neisseria catarrhalis) 
Friedlander’s bacillus ( Klebsiella pneumoniae ) 
B. influenzae ( Hemophilus influenzae ) 

B. pyocyancus ( Pseudomonas aeruginosa) 

B. proteus — vulgaris 


Acid-fast I B. tuberculosis {Mycobacterium tuberculosis) 

BACTERIOLOGICAL EXAMINATION OF BILE AND GALLSTONES 

Principles. — 1 . Bile is best obtained for bacteriological examination by aspira- 
tion of the gallbladder at operation or following the surgical removal of the gall- 
bladder. 

2. Bile collected by the Lyon method of duodenal drainage is subject to con- 
tamination by saliva, by the stomach and duodenum but when collected with rigid 
attention to technic as described in Chapter IX is usually acceptable for bacterio- 
logical examination. 

3. At the time of drainage about 20 drops should be added to 15 0 c.c. of 
hormone broth with a pH of 7.4 to 7.6 suitable for the cultivation of sti eptococci. 

4 . Fractions may be collected on sterile vials or test tubes. 

Method. — 1. Centrifuge a portion; prepare smears and stain by method of 
Gram. The direct examination of wet preparations is also recommended. 

2. With a sterile pipel inoculate 0.5 to I c.c. on blood agar plates by the surface 
streak method. 

3. If a culture in hormone broth has not been made at the time of operation or 
drainage, inoculate a flask with 0.5 to 1 c.c. 

4. A duplicate set of cultures for anaerobic cultivation is advisable. 

5. Incubate at 37° C. for 24 to 72 hours. Examine colonies. Prepare smears and 
stain by Gram method. Identify organisms. The following include those generally 
found in pure or mixed culture: 


Gram-positive < 


v. 


Staphylococci 

Streptococci 

M. teliagenus (Gaffkya tetragena) 

B. pseudodiphtheriae ( Corynebacterium pseudodiphthcriae) 
B. subtilis 

Saccharomyces cerevisiae, etc. 
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I B. colt ( Escherichia coli) 

B. typhosus (Eberthella typhi) 

B. pyocyaneus (Pseudomonas aeruginosa ) 

Friedliinder’s bacillus (Klebsiella pneumoniae) 

B. proteus — vulgaris 

6, Gallstones may be dipped for a lew seconds in boiling water for surface 
sterilization. Crush in a mortar under rigid aseptic precautions and culture in a 
flask of plain or glucose hormone broth. Incubate at 37° C. for 21 to <13 hours. 
If a growth occurs, prepare smears stained by method of Gram. If a mixed growth 
is present, plate on blood agar by the surface streak method. Incubate at 37° C. 
for 24 to 48 hours. Examine colonies; prepare smears and stain by Gram method. 
Identify organisms. Those usually present ore included among the organisms 
listed above. 

BACTERIOLOGICAL EXAMINATION OF TIIE FECES AND RECTUM 
Principles. — 1. The feces contain so many different varieties of bacteria that 
a general bacteriological examination is inadvisable. 

2. All requests, therefore, should specify the particular organism or organisms 
to be examined for in order to choose the proper culture media and technic. 

3. The method of collection of material for bacteriological examination is im- 
portant and is descrilied on page 323. In the bacteriological examination of ulcers 
of the colon and rectum the material should be collected by a proctologist as de- 
scribed. 

4. Mucus and pus are especially desirable for bacteriological examination. 
Method. — 1. Prepare thin smears and stain by the method of Gram. Their 
only value is an estimated percentage of gram-positive and gram-negative or- 
ganisms. None of the pathogenic organisms can be identified by smear alone 
except in the case of tubercle bacilli detected in srrlears stained by the Ziebl- 
Neelson method. 

2. For the detection of bacilli of the typhoid-parntyphoid-dysentery and cholera 
groups see special methods under the respective organisms. 

3. For general bacteriological examination as for streptococci, staphylococci,, 
etc., a loopful of material may be diluted in a tube of broth or sterile saline 
solution; mix well and transfer two or three Ioopsful to a second tube. Prepare 
blood agar plates from each dilution by the surface streak method. Or a loopful 
of material may be grown in a tube of Rosenow's brain or hormone broth for 21 
hours and used for the preparation of blood agar plates. Incubate at 37° C. for 
21 to 48 hours. Study the colonies; prepare smears and stain by the Gram method. 
Identify the different organisms. 

4. For B. tvelchii, B. tetani and other pathogenic anaerobic spore forming bacilli 
use strict anaerobic cultivation for several days. 

5. If acid-fast bacilli are found in direct smears or after concentration, inoculate 
guinea-pigs. 
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6. The organisms of most interest are as follows:, -'.-T •• 

\ - Staphylococci: y : y- V-/ ." . '■ 

’ 1 ’’ Streptococci 4 !... / : V' . ,;V- - r : ' 

" Pneumococci, '. - '• ; V . ■ /: 

B. welchii V \ v- r -1 ; V ■ ■ ‘ 

■ n • - . y and other anaerobes 

• • • B. tetam . J , ' ‘ ‘ - 

Gram-positive x -By aciiminatus {Bacteroides acunuhatus) 

B. pseudodiphtheriae (Corynebacierium pseudodiphtheriae) . 

- B. sublilis ' ‘ , ' - . 4 . ' 

B. acidophilus and lactic acid groups ' i • r .; 

B. bijudus (Bacteroides bifudus) ' ' •' *, ; • 

Monilia, psilosis ’ !' / . j 

Gonococcus (Neisseria gonorrhoeae) • 

B. coli (Escherichia coli) ‘ . 

B. cholerae (Vibrio comma) 1 ' 

B. typhosus (Eberthella typhi) ’ . - 

B. paratyphosus A (Salmonella paratyphi) ' ; 

Gram-negative J P arat yphosus B (Salmonella schotlmuelleri) , 

B. enteritidis (Salmonella enteritidis) ■?' ", 

B. dysenteriae (Shigella dysenteriae) 

B. faecalis-alcaligenes . '■ ! : ' ' • 

B. ambiguus (Shigella ambigua) 

B. liquefaciens (Bacteroides liquefaciens) 

B. proteus vulgaris 

Acid-fast | B. tuberculosis (Mycobacterium tuberculosis) 

BACTERIOLOGICAL EXAMINATION - OF THE URINE 

Principles.— 1. Urine for bacteriological examination should be collected , Yvith 
precautions against contamination. Methods are described on page 326^ . ; 

2. it is always advisable to state the particular organism or organisms to be 
examined for in order to properly select special methods for examination. 

3. Cultures should be made as soon as possible after collection. 

-4: Urinary antiseptics should not be administered for 24 to 48 hours previous 
to the collection of the specimen. ... ' • '• ■ ; • 

,5. A .method for .examination for tubercle bacilli is given on page 480; for 
typhoid-paratyphoid bacilli on page 489; for gonococci on page 454. A general 
examination for other organisms may be conducted as. follows: • ’ . . i 
Method. — 1. With a sterile pipet transfer ! c.c. of urine to a tube of hormone 
, broth and 0.5 c.c. to a plate of blood agar. G " ! '«•*.* V. . 

;2. Centrifuge 5 to 10 c.c. under rigid aseptic precautions. Remove the super- , 
. natant urine and prepare duplicate cultures with smaller amounts of sediment. ; 

• ... 3. Prepare thin smears of the sediment and stain by. method of Gram, and by the 
Pappenheim method; for acid-fast bacilli. ' ;■ 
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4. Examine cultures after incubation at 37° C. for 21 to 48 hours. Prepare 
smears and stain by Gram. Identify organisms if any are present. 

5. Normally urine is sterile when a«eptically collected, but under pathological 
conditions any of the following may be present: 


{ Staphylococci 
Streptococci 

B. pseudodiphtheriae ( Corynebacteriu m pseudodiphtheriae ) 


Gram-negative 


Gonococcus (Neisseria gonorrhoeoe) 

M. catarrhalis ( Neisseria catarrhal is ) 

B. proteus — vulgaris 

B. pyocyaneus ( Pseudomonas aeruginosa) 

B. typhosus ( Eberthella typki ) 

B. paralyphosus A ( Salmonella paratyphi) 

B. paralyphosus B (Salmonella sehottmuelleri) 
B. coli (Escherichia coli) 

B. dysenteriae (Shigella dysenteriae) 
abortus (Brucella abortus) 


Acid-fast 


JB. tuberculosis ( Mycobacterium tuberculosis) 
smtgmatis (Mycobacterium smegmalis) 


BACTERIOLOGICAL EXAMINATION OF THE UBOOEN IT AL OKOANS 
INCLUDING THE PROSTATE OLAND 

Principles. — 1. Spirochaeta pallida in genital sores is best detected by dark- 
field examination. Methods for the collection of material are given on page 328. 

2. Examinations for gonococci are best conducted with smears of pus stained 
by the Gram method sometimes supplemented by cultures. Smearsi and cultures of 
urine sediment are sometimes employed but are not usually satisfactory. Vaginal 
washings are useful and a method for collection is given on page 327. 

3. A method for the collection of material for examination for B. ducrey 
(chancroid) is given on page 330. 

4. Material from the prostate gland for bacteriological examination may be 
obtained by methods given on page 327. 

5. Urine collected by catherization from the bladder or kidneys may be ex- 
amined for tubercle bacilli as described on page 480; for general examination the 
method previously given may be employed. 

6. The organisms most commonly found in infections of the urogenital organs 
may be listed as follows: 

( Staphylococci 
Streptococci 
Pneumococci 

B. diphtheriae (Coryne bacteriu m diphtheriae) 

B. pseudodiphtheriae (Corynebacteriu m pseudodiphtheriae) 
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' .■Gram-negative >■ 
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Gram-negative* 
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. Meningococcus {Neisseria intracellularis) 
Gonococcus ( Neisseria gonorrhoeae) 

D. abortus (Bru-cella abortus ) 

B. typhosus ( Eberthella typhi) 

B. paratyphosus A ( Salmonelta paratyphi) 

B. paratyphosus B ( Salmonella schotlmuelleri) 
B. dysenteriae ( Shigella dysenteriae) 

B. coli (Escherichia coli) 

!). pyocyaneus (Pseudomonas aeruginosa) 
Friedlander’s bacillus (Klebsiella pneumoniae ) 
B. influenzae (Hemophilus influenzae) 

B. proteus vulgaris 
B. pestis ( Pasteurella pest is) 

Spirochaeta obermcirei ( Borrelia rccurrentis) 
Spirochaeta novyi { Borrelia novyi ) 


Acid-fast B. tuberculosis (Mycobacterium tuberculosis) 


BACTERIOLOGICAL EXAMINATION 01* THE SKIN 
Principles.— I. Many different kinds of organisms may be found on the skin 
in health and disease. 

2. Requests should specify the kind of examination desired to determine the 
proper selection of methods, culture media, etc. 

3- The bacteria, fungi and yeasts most commonly encountered are as follows: 


Gram-positive 


r Staph) lococci 

Streptococci including Streptococcus scarlatinae and Streptococcus 
erysipelatis • 

Pneumococci 

: B. diphtheriae ( Cory nebacterium diphtheriae) 

B. pseudodiphtheriae ( Corynebacterium pseudodiphtheriae) 

I B. oenes (Corynebacterium acne*) 

B.'anthracis 

! Erysipelotlirix ( Erysipelolhrix rhusiopatkiae ) 

I . . r Actinomyces hominis 

'Actinomyces J . . , 

Acttnomyces maaurae 

| Sporolrichia (Sporotrichum beurmanni) 

Blastomycetes 


Tinea trichophytina. 


Microsporon audouini 
Trochophyton 
A chorion schoenleinii 
Microsporon furfur 
Microsporon minutissimum 
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(c) No pigment (white) : Staphylococcus albus 

5. Identification and differentiation can usually he made by these means. Al- 
ways report the type present and whether hemolytic or nonhemolytic. 

6. Staphylococcus epidermidis albus is merely a special type found on the skin 
and in “stitch abscesses’*; it ferments sucrose hut not mannitol and raflinosc, whereas 
Staphylococcus albus ferments sucrose and mannitol but not raffinose. 

7. Staphylococcus aureus usually produces several filtrahle toxins now com- 
monly converted into toxoids for purposes of active immunization. These are 
secured by cultivation in hormone broth (pH 7.4-7.C) for 5 days, followed by 
Berkefeld filtration. The filtrate may contain the following: (1) hemolysin es- 
pecially active for rabbit erythrocytes; (2) leukocidin; (3) a necrotizing toxin 
best detected by intracutaneous injection of rabbits; (4) a lethal toxin, and (5) a 
gaslro-enteric toxin concerned in food poisoning. 

METHODS TOE THE IDENTIFICATION OF BTBEPTOCOCCI 

1. Streptococci occur in chains of variable length (Fig. 237); the longest 
chains are always observed in broth cultures. On solid media the chains are usually 
short and sometimes in diplococcus formation, requiring differentiation from pneu- 
mococci. They are not encapsulated although some types sometimes show capsular- 
Itke material when stained by Wright’s method. 

2. They stain readily and are usually gram-positive. However, gram-ncgali>e ele- 
ments may occur and some saprophytic streptococci ore entirely gram-negative 
in their staining characteristics. 

3. On blood agar the colonies arc small, grayish, delicately opalescent and usu- 
ally resemble small droplets of fluid. Surface colonies may be mucoid, smooth, 
rough or intermediate according to the type. Hemolysis may or may not occur: 

(а) Hemolytic or beta type: zones of complete hemolysis (Fig. 238). 

(б) Nonhemolytic or gamma type: no hemolysis. 

(c) Viridans or alpha type: zones of incomplete hemolysis or greenish 
methemoglobin around surface colonics. 

A streptococcus should not be regarded as nonhemolytic unless it has been sub- 
cultured at least twice or grown anaerobically. 

4. In broth the growth is never evenly diffuse; turbidity is absent or slight. A 
finely granular growth occurs with sediment on bottom and sides sometimes diffi- 
cult to break up. 

5. Anaerobic cultures should be made in cases of puerperal sepsis, gangrene of 
the skin, wound abscesses following operations upon the upper gastro-intestinal 
tract and appendix, suppurative pneumonitis and empyema for Sir. foetidus, Str. 
putridus, Str. anaerobius, etc. There arc many micro-aerophilic types between aero- 
bic and anaerobic types of the genus Streptococcus. 

6. As a general rule such examinations are sufficient for routine work, the re- 
sults being reported as “Streptococcus hemolyticus” or “Streptococcus viridans” as 
the case may be. 

7. If an additional test for hemolysis is required, add 0.5 c.c. of a broth culture 
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Hie circumstances of infection. It is advisable, therefore, not to perpetuate the 
errors of the past by reproducing the older classification in these terms. The modem 
and clinically significant classification is based upon serological grouping and typing. 

Grouping of Streptococci by the Precipitin Reaction (Lancefield ')• — 1. 
Streptococci may be divided into 8 groups, (A, B, C, D, E, F, G and II by means of 
the precipitin reaction, using the “C” antigen (carbohydrate) of Lancefield. All of 
the types in Group A, and an occasional type in the other groups are pathogenic 
for man. All of the other groups are either 
animal pathogens, or are not pathogenic. 

2. Add 50 c.c. of N/IO hydrochloric acid to 
the organisms obtained by centrifuging 50 c.c. 
of an 10-hour neopeptone broth culture. Boil 
the suspension for 10 minutes, cool rapidly, and 
centrifuge. Remove and neutralize the super- 
natant fluid, centrifuge, and then pour the 
supernatant fluid into 4 volumes of 95$> al- 
cohol. The resulting precipitate is separated by 
centrifugation, and heated in a boiling water 
bath until all traces of alcohol disappear. This 
material is the “C” antigen. 

3. Dissolve the antigen in 50 c.c. of saline 
solution, and then make 3 serial dilutions, de- 
creasing the concentration of the antigen 10 
times for each successive dilution. Add 0.2 c.c. 
of each antigen dilution to successive 0.2 c.c. 

portions of each unadsorbed group rabbit antiserum. Place in the water bath at 37° 
C. for 30 minutes, and then in the ice-chest overnight. One or more of the tubes 
containing the homologous antiserum and the antigen will show a hard white 
precipitate. 

Grouping and Typing of Streptococci by thfe Micro-Agglutination Tech- 
nic (Griffith 2 ). — 1. Streptococci may be divided into 8 groups by this method, 
the groups being identical with those determined by the precipitin test. 

2. Place a loopful of each of the unadsorbed rabbit antisera on the same micro- 
slide, each drop being kept separate. 

3. MW a loopful of a thin suspension of an 18-hour culture of the organism 
with each drop of antiserum, flaming the loop after every operation. 

4. Observe under the low power objective. The antiserum of the homologous 
group will cause the organisms to agglutinate within a few minutes. 

5. With few exceptions, only Group A (Lancefield) streptococci will be en- 
countered in the clinical laboratory. Group A consists of 28 or more types, which 
are designated by arabic numerals (1,2, 3, etc.). 

6. Adsorb each of the 28 rabbit antisera with a heterologous type until it will 

1 b Expe r, JI/„ 1928, 47 j 9I, 469 and 857; ibid, 1933, 57:571. 

-b the- 1934, 34:542. 



Fic. 238.— Zones or Hemolysis 
around Colonies or Hemolytic 
Streptococci 

(From Park, Williams and Krum- 
wiede, Pathogenic Microorganisms, 
Lea and Febiger.) 
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Fic. 239.— Micnococcus Tetjiacenus 


3. Gram-positive. 

4. On agar plates the colonies are circular, white or grayish-white, smooth, 
glistening and glutinous, often adherent to the medium and difficult to emulsify. 
On blood agar the colonics are surrounded by a narrow /one of greenish dis- 
coloration (alpha type ofhemolysis). In broth 
there is even turbidity with a later thick, 
glutinous deposit and comparatively clear 
supernatant medium. 

5. These characteristics are usually suffi- 
cient for identification. It commonly produces 
acid in glucose, maltose, lactose and sucrose. 
No indol; nitrates are reduced. 


METHODS TOT. THE IDENTIFICATION 
AND DIFFERENTIATION OF 
PNEUMOCOCCI 

I. If sputum from pneumonia is being ex- 
amined, smears should be prepared of blood- 
tinged (“rusty”) portions on slides. If cere- 
brospinal fluid is being examined, centrifuge 
ami prepare smears of the sediment. The pus of empyema or other exudates (nose, 
ears, etc.) may be prepared in smears. 

2. Dry in air; fix by gentle heating and stain by the method of Gram. 

3. The pneumococcus is gram-positive and occurs in pairs or, less frequently, 
in short chains (must be differentiated from 

streptococcus). The adjacent ends of the cocci 
are usually rounded while the opposite ends 
are more pointed or lancet-shaped. A well- 
marked capsule is present (Fig. 210) which 
may be retained in cultures on suitable media. 

Type III pneumococcus may often be identi- 
fied by very large capsules. Special capsule 
stains may be employed. 

4. With a platinum loop streak out one 
or two blood agar plates with material to be 
examined. Incubate 24 to 48 hours. Examine 
colonies; prepare smears and stain by method 
of Gram. Or culture by the following method 

of Avery: Select a tenacious portion of the Capsules (Zinsser) 

sputum about the size of a bean, and wash 3 

or more times in sterile saline solution. Grind the washed sputum in a sterile mor- 
tar with about 1 c.c. of sterile broth to secure a homogeneous suspension. Inoculate 
a tube of Avery broth with about 0.2 cx. In lire case of spinal, pleural or other 



fluids inoculate with 1 c.c. Incubate at 37° C. for 5 to 8 hours. If a good growth has 
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although if kept on ice, sputum may he typed satisfactorily even when several 
days old. 

2. With a small loop place small flecks of sputum (“rusty” portions preferred) 
on each of 4 covergl asses. When the sputum is very tenacious, it may he dislodged 
with another loop or minute sections snipped off with flamed scissors. Only a few 



Fic. 241. — The Neufeld “Queltcnc" REvcnr» for the Rapid Microscopical Differentiation 
or Pneumococci (X 1500) Bltlow a and 'Wilcox 
(Courtesy of Lederlo Co.) 


organisms should be used — 2 or 3 per field — otherwise a typical reaction may 
not occur. 

3. Add a loopful of Type I, II, III and VII pneumococcus typing sera to each 
respectively. 

4. After mixing, add a loopful of diluted Lolfler’s methylene blue (1:5 dilution 
in distilled water) to each and mount on hollow-ground glass slides, sealing the 
edges with vaseline; or the coverglasses may lie inverted on ordinary slides and 
pressed down to make thin layers. 

5. Examine under a good microscope with an oil-immersion lens with the light 
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0.5 c.c., in a sterile glass syringe without a needle and wash it three times in ste 
salt solution. Grind the washed sputum in a sterile mortar, adding from 1.5 
2.5 c.c. of hroth during the process (Figs. 242 and 213). 

2. Inoculate a mouse intraperitoneally with from 0.5 c.c. to 1 c.c. of the dilul 
washed sputum (see Fig. 39). 

3. Within from four to eight hours, puncture the peritoneum of the mouse w 
a sterile needle attached to a syringe and withdraw one or two drops of exud; 
Spread this on a slide and stain by Gram’s method. If microscopic examinat 



(From WaJsworih, Standard Method i, Waverly Pit's, Inc., Baltimore.) 

shows as many gram-positive cocci as may be found in an 18-hour broth cultui 
chloroform the mouse and proceed with the test. 

4. Since it is desired to recover the organisms in pure culture, carefully obser 
sterile precautions throughout the autopsy. 

5. When the skin has been laid back, make a short, longitudinal opening 
the abdominal wall (Fig. 214). Take a loopful of the peritonea! exudate a: 
streak half a blood agar plate. Then enlarge the opening in the abdominal w< 
and note if the exudate is sticky, suggesting the presence of Type III pneumococ 
or B . rnucosus-capsulatus (Friedlander’s bacillus). Using a bulb pipet, wash t 
peritoneum thoroughly with from 3 to 4 c.c of salt solution, and put the washin 
in a centrifuge tube. Then, with sterile instruments, open the thoracic cavity, an 
from the heart’s blood, inoculate a tube of pneumococcus broth and streak t 
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the fifth tube add a few drops of bite to determine it the emulsion contains chiefly 
bile-soluble organisms. To the sixth tube add 0.5 c.c. saline (control). 

11. Mix well; place in water bath at 37® C. for one hour. 

12. Agglutination is indicated by a flocculent appearance in contrast to uniform 
cloudiness of the control, along with rapid settling of the agglutinated organisms 
leaving the fluid above clear. The bile lube clears; if not, the suspension is prob- 
ably not o! pneumococci. 

13. If agglutination takes place in the tube containing Type I 6erum and not 
in any of the other tubes, the s'train is Type I; if agglutination occurs in both 
the tubes containing Type II serum (undiluted and diluted), the strain is a typical 
Type II; if agglutination occurs only in the tube containing undiluted Type II 
serum, the strain is an atypical Type II; if agglutination occurs in the tube con- 
taining Type III serum, the strain is Type III. If no agglutination takes place in 
any of the tubes, the strain belongs to Group IV. 

Whenever there is an indication of the presence of more than one type of 
pneumococcus, plate the culture and make an agglutination lest with each subcul- 
ture isolated, in an effort to isolate the types. 

Contaminating organisms, especially streptococci, may cause irregular aggluti- 
nation reactions, but they are not dissolved by the bile. Such cultures should be 
plated and the pneumococci, if present, obtained in pure culture. 

Precipitation Test for Differentiation of Pneumococci. — 1. Centrifuge the 
mouse peritoneal exudate and use die clear supernatant fluid. 

2. In a series of 6 small test tubes set up the following: 

No. 1: 0.3 c.c. serum Type I (undil.) -J- 0.3 c.c. supernatant peritoneal washings. 

No. 2: 0.3 c.c serum Type 1 (dil. 1:10) 4-0,3 c.c. supernatant peritoneal 
washings. 

No. 3: 0.3 c.c. serum Type II (undil.) -f- 0.3 c.c. supernatant peritoneal washings. 

No. 4: 0.3 c.c. serum Type II (dil. 1:10) -f-03 c.c. supernatant peritoneal 
washings. ' 

No. 5: 0.3 c.c. serum Type III (undil.) -f- 0.3 c.c. supernatant peritoneal wash- 
ings. 

No. 6: 0.3 c.c. serum Type III (dil. 1:15) -J-0.3 c.c. supernatant peritoneal 
washings. ‘ 

3. Add the supernatant fluid slowly to each tube and look for the formation of 
a ring of while precipitate at the point of contact. If no immediate reaction occurs, 
place the tubes in a water bath at 37® C. and observe after 15, 30 and 60 minutes 
of incubation. 

4. After incubation a fibrin web may appear in all the lubes, and care must 
be taken not to confuse this with a specific reaction. 

5. The advantages of this method are: (a) It is not obscured by contaminating 
organisms; (6) it i3 highly specific, and (c) it is often applicable when the 
agglutination test cannot be used. 
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Sabin Microscopical Method with Peritoneal Exudate of White Mouse. 

1. Three or 4 hours after the injection of a mouse obtain some of the peritoneal 
exudate by puncture with a capillary pipet, 

2. Place 4 small drops on slides. 

3. To one add a loopful of saline as a control and to the others a loopful of 
Type I, II and III immune sera respectively diluted 1: 10 with saline solution. 

4. Spread the mixtures thinly and allow to dry rapidly; fix with gentle heating. 

5. Stain with basic fuclisin (10 c.c. of saturated alcoholic solution plus 90 c.c. 
of water). 

0. Wash with water; dry and examine with oil -immersion lens. 

7. A positive reaction is indicated by stained clumps of diplococci. Nonspecific 
clumping may be excluded by compaiison with the control. As the mouse is not 
killed, tire test may be repealed if unsatisfactory. 

8. This test is also applicable to spinal fluid containing sufficient organisms. 

Avery Cultural Precipitation Test for the Differentiation of Pneumococci. 

— 1. Inoculate 4 c.c. of Avery’s medium (meat infusion broth), containing 1% - 
glucose and 5% sterile defibrinated blood, with 0.2 c.c. of diluted, washed sputum 
or with same amount of fluid sputum. With spinal fluid inoculate with 1 c.c. 

2. Mix and incubate for 5 to 7 hours. 

3. Make a smear and stain by Gram’s method. If a good growth of gram-positive 
diplococci has occurred, cenlrifugalize for a few' minutes to throw down the blood 
cells. 

4. Transfer 3 c.c. of the supernatant fluid to a sterile centrifuge lube and add 
1 c.c. of steiile ox bile. 

5. Incubate for 30 minutes to dissolve the pneumococci. 

6. Centiifugalize at high speed for 20 minutes. 

7. With the clear supernatant bile solution, set up the precipitation test de- 
scribed above. 

Methods for the Serological Differentiation of Pneumococci in Blood Cul- 
tures. — 1. If smears show gr am-positn e diplococci, presumably the pneumococcus, 
cenlrifugalize 10 c.c. at low' speed for a few minutes to thrown dorm the ery- 
throcytes. 

2. With the supernatant broth culture of organisms conduct the microscopic 
agglutination test of Avery, Chickering. Cole and Dochez as described above. Or 
it may be used for the Sabin microscopic method as described. 

3. Include the bile solubility test. 

Methods for the Serological Identification and Differentiation of Pneu- 
mococci in Cerebrospinal Fluid. — 1. It is necessary to differentiate between 
streptococcus and pneumococcus. 

2. Make a smear and stain by Gram’s method. 

3. If a large number of gram-positive diplococci are present, centrifugalize 
briefly to throw' down pus cells and conduct agglutination tests with the supernatant 
suspension of diplococci. 
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4. The balance of the fluid may be recentrifugalized at high speed for twenty 
minutes and the clear supernatant fluid used for a precipitation test. 

5. If the diplococci are too few for these direct tests, inoculate a mouse with 

0.5 c.c. and conduct tests with peritoneal washing as described above. 

6. Or inoculate 4 c.c. of Avery’s medium with 1 c.c. of fluid and conduct the 
test as described above. 

7. Include a lest for bile solubility. 

METHODS FOE THE IDENTIFICATION OF THE GONOCOCCUS 

1. Materials submitted for examination for the gonococcus (Neisseria g onor- 
rhoeae) are usually purulent secretions from the genital tract of both sexes, the 
vagina of children and the conjunctivae (especially of infants). 

2. Well-prepared smears stained by the method of Gram and carefully examined 
are still mainly relied upon for bacteriological diagnosis. There is no specific 
differential stain for the gonococcus. 

3. Typical gonococci are gram-negative. Duplicate smears stained with Lofller’s 
methylene blue are advisable for morphology but should 
not be relied upon alone for identification. 

4. They are usually arranged in pairs, with adjacent 
sides flattened or slightly concase, resembling a pair of 
kidney beans. They are not encapsulated. 

5. In the pre-acute stage before the exudate becomes 
profuse, the organisms may be extracellular but become 
intracellular (Fig. 2t6) during the acute stage when the 
exudate is at its height. At tills stage it is common to find 
many organisms gathered within one leukocyte while other 
cells in _ the immediate neighborhood have none. Later, 
when the infection becomes more chronic, the organisms 
become less numerous and are extracellular. In gono- 
coccal conjunctivitis the organisms may occur in or upon 
epithelial cells. 

6. A positive report may he rendered when smears show 
large numbers of ptis cells with gram-negative intracellular 
diplococci or typical cultures or both. Smears of urethral 
discharge from early cases and likewise from chronic cases 

(gleet) showing pus cells, many extracellular gram-negative diplococci and at lea«t 
a few’ typical intracellular organisms, may be also reported as positive. Special care 
is required in reporting upon xaginal smears because other diplococci resembling 
gonococci are encountered more frequently than in the urethra; here cultures should 
be made, especially in medicolegal cases. 

A positive report may aI«o be rendered in smears showing 50$> or more 
polymorphonuclear pus cells with many extracellular and occasional intracellular 
gram-negative diplococci of typical morphology. 



Ftc. 2)6.— Gonococci 
within Pus Cells 
(Zinsser) 
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7. A suspicious report may be rendered in eases with discharge when smears 
show many polymorphonuclear pus cells hut no intracellular diplococci. 

8. A negative report may be rendered when smears show only a lew polymorpho- 
nuclear pus cells with no suspicious intracellular diplococci and no clinical evi- 
dences of disease. In any positive, doubtful, or suspicious case, smears should be 
made once a week until a negative is obtained to be followed by 3 more well-made 
smears at intervals of about 3 days before one is piepared to lender final report 
of negative. 

9. The gonococcus is ordinarily difficult to isolate and cultivate and especially 
in chronic infections. The material may be collected on a sterile swab aiid the 
latter mixed well in 1 or 2 c.c. of steiile ascites fluid or broth in a test tube. With 
this suspension prepare surface streakplates. Many different media have been 
proposed. A satisfactory medium is prepared by heating 1.5 or 2% meat infusion 
agar carrying 0.5% glucose with a final pH of 7.3 to 7.6 until melted: cool to 
70° C. and add sterile defibrinated blood of man, rabbit or horse (preferred) to 
give about 5%. Glucose agar 4 parts with 1 part of sterile ascites fluid in plates 
is also recommended. 

10. After inoculation the plates should be incubated at 34 to 35° C. and prefer- 
ably in a sealed jar carrying 10% carbon dioxide. 

11. At the end of 43 to 72 hours examine. Colonies of gonococci are usually 
small, delicate, grayish, opalescent, slightly convex and slightly elevated with 
scalloped edges, , sticky and mucoid. Gently flood the surface of the plate with 
1 c.c. of a freshly prepared 1% aqueous solution of dimethyl-para-phenylene- 
hydrocliloride and pour off in 3 to 5 minutes. Colonies which turn -pink in this 
time so that they can be seen with the naked eye are then picked off foi staining 
(Gram) and sugar fermentation tests. This oxidase reaction is not specific for the 
gonococcus, as, among others, B. anthracis, B. pyocyaneus and B. suhtilis give the 
reaction, but it is very helpful. 

12. Prepare subcultures of the pink colonies on rubber-stoppered slants of 1% 
glucose, lactose, sucrose, and maltose ascitic agar to which Andrade’s indicator 
is added. Incubate at 35° C. for 48 to 72 hours. The gonococcus produces acid 
(no gas) only with glucose. Or prepare subculture on the sugar agars without 
the indicator and after 2 or 3 days’ incubation, allow a drop of 0.02% aqueous 
solution of phenol red to flow over the surface (Bayne-Jones) . A positive reaction 
is indicated by a change of color to yellow confined to the surface or to a thin 
superficial layer. 

METHODS FOR THE IDENTIFICATION OF THE MENINGOCOCCUS 

1. Materials submitted for examination for the meningococcus ( Neisseria inlra- 
cellularis) are usually spinal fluids, blood cultures and cultures of the naso- 
pharynx. 

2. In smears of spinal fluid, the meningococcus is usually arranged in pairs 
bearing a close resemblance to the gonococcus in morphology". When thoroughly 
decolorized they are giam-negative organisms and unless well decolorized may 
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appear gram-positive with the possibility of being mistaken for the pneumococcus. 
They are not encapsulated. 

3. Early in meningococcus meningitis the number of organisms present in 
smears may be very few and largely extracellular, requiring careful examination. 
Later they become more numerous and largely intracellular (Fig. 217). As a gen- 
eral rule the finding of intracellular and extracellular gram-negative, coffee-bean 
shaped diplococci in spinal fluid justifies the immediate presumptive diagnosis of 



meningococcus meningitis, with the prompt administration of antimeningococcus 
serum. 

4. On blood agar plates incubated at 37° C. for 48 hours, the colonies arc 
small, moist, convex, elevated, colorless, transparent, circular and nonhemolytic. 
On serum or ascites agar plates they arc round, comex, bluish-gray, smooth and 
glistening with entire edges. Later they increase in sire, become more yellow and 
opaque and may show a granular center. 

5. Prepare smears and stain by the Gram method. Gram-negathe diplococci of 
.varying size and shape are usually meningococci. Transplant to slants of blood 
ascites agar or sheep serum dextrose agar. Incubate 24 hours and examine. 

6. Test for fermentation by inoculating tubes of 1% dextrose, maltose, Ievulose 
and sucrose agar to which Andrade’s indicator has been added. Incubate for 48 to 
72 hours. The meningococcus produces acid (no gas) with dextrose and maltose. 

7. The following preemptive slide agglutination test may also be conducted for 
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TABLE III 


Production of Acid 

Dextrose 

Maltose j 

Leviilose 

Sucrose 

Meninpocorclis 

+ 

+ | 

— 

_ 

M. cstariiialia 





AT. phsrynsh siccus 

+ 

4- 

+ 

4- 

M. perflavu* 

+ 

+ 

+ 

4- 

M flavus 


+ 

4- 

•— 

M. sub-flavin 




— - 

M. flavescens 



“ 



Serological Types of Meningococci. — By agglutination and agglutinin ab- 
sorption tests meningococci have been divided into Tjpcs I, II, III and IV. Types II 
and IV are closely related and often grouped together. In the United States the 
typing of meningococci is not Usually requested since polyvalent sera arc employed 
in treatment. 

Microscopical Agglutination Test for the Differentiation of Meningococci. 

— 1. Arrange 6 small test tubes. 

2. Into Nos. 1, 2, 3 and 4 place 0.5 c.c. of specific agglutinating sera for Types I, 
II, III and IV respectively; the dilutions to employ will depend upon the respective 
titers furnished with the sera. 

3. Into No. 5 place 0.5 c.c. of a 1 :25 dilution of normal horse serum (control). 

4. Into No. 6 place 0.5 c.c. of saline solution (control). . 

5. Prepare a heavy uniform suspension of the meningococcus cultivated on 
blood or serum dextrose agar and place 0.5 c.c. in each tube. 

6. Mix well and place in a water bath at 55° C. for 3 hour*.. If desirable, they 
may be then placed in a refrigerator overnight before the readings are made. 

7. If the organism is a meningococcus agglutination should occur in the tube 
carrying the homologous scrum. Inagglulinablc strains arc sometimes encountered. 

C. If the organism is from the nasopharynx and agglutination occurs in all of 
the first 5 tubes (No. 6 is a control) the test is unsatisfactory ns nonpalhogenic 
diplococci found in this region are frequently strongly agglutinated by normal and 
immune horse sera in final dilutions of 1:50. 

METHODS TOR THE IDENTIFICATION OF M. CATARRHAIiIS 

1. M. calcirrhalis (Neuserin calarrhalis ) occurs principally in the respiratory 
tract and may be encountered in cultures of the nose, throat and sputum. It is 
commonly regarded as but feebly pathogenic. 

2. In smears of fresh material it occurs as a gram-negative diplococcus larger 
than the meningococcus and at times arranged in tetrads or small groups. In 
sputum the diplococci are shaped like coffee-beans, and may be both intra- and 
extracellular. They are not encapsulated. 

3. The organism grows much more luxuriantly than the gonococcus and more 
freely than the meningococcus. On plain or blood agar the colonies at the end of 
24 hours’ incubation are convex, whitish-gray and glistening; after longer incuba- 




rf .. DIAGNOSTIC BACTERIOLOGIC METHODS : :459 v 

tion they become, more elevated, opaque, slightly brownish in the center with 
Wave-like periphery, coherent tenacious; difficult to emulsify arid aulo-aggliitinable 
in saline solution. In . broth there 'is usually no turbidity, with a coarsely granular ■ 
sediment difficult, to Break: up by shaking;' a pellicle may form. .The organism is *: 
aerobic. and will grow at 22° ,C. whereas the meningococus and gonococcus require, 
a higher temperature. .... ' • " • : • • . . , 

. 4. Sugar fermentation tests -are 'usually required for final identification and 
differentiation from the meningococcus/ M. flavus, M. pharyngis siccus and other 
gram negative diplococci occurring in the nasopharynx and sputum. .. For this 
purpose inoculate rubber stoppered tubes of dextrose, maltose, levulose and sucrose ' ; 
agar, to which the Andrade indicator has been added. Incubate. 24 to 48 hours. 

M. catarrhalis does not produce acid or gas with any of these sugars. ■ ' 

. . METHODS FOE THE IDENTIFICATION OF B. ANTHEACIS ‘ ' : 

1. The “malignant pustule” or, anthrax of the skin produced by B. anthracis may. ' 

be mistaken clinically for .a simple furuncle or carbuncle. . 

2. It is usually encountered among workers in hides, hair and wools but may , 
be derived from shaving brushes or other articles. , 



Ftc. 248. — Anthrax Bach-li 
Smear of spleen of animal dead of anthrax (Zinsser) • 


3. Great care must be exercised, in handling., material, cultures, etc. Be sure to ■ 

thoroughly disinfect pus,- glassware, etc;, before discarding. . ,.b /. 

4. Septicemia may occur arid blood cultures should be included routinely. . 

5. Anthrax of the bronchi may pccur (“wool sorter’s disease”) in which case 

the bacillus occurs in the sputum. 1 I ' ' ” , . ' ' ‘ 
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6. Anthrax o! the intestinal mucosa may also occur -with the bacillus in the 
feces. 

7. Prepare smears and cultures of the lesion and particularly of any Llister 
fluid that may he obtained. Blood or plain glucose agar slants or plates may he 
emplojed. Avoid rough manipulation of the lesion .which might spread the in- 
fection. 

8. Stain smears by Gram method. The presence of scattered large bacilli with 
square ends is suspicious. Occasionally short chains are seen (Fig. 218). The 
bacilli afe gram positive if not decolorized too long. They may lie encapsulated. 

9. Incubate the cultures for 24 hours and examine. Growth is rapid. The colonies 
ore dull, grayish-white, flat and spreading with irregular borders which when 
viewed under the lower power of the microscope have a Medusa-head appearance 
due to filamentous interlacing chains of bacilli. Examine smears stained by Cram 
method; spores arc produced. 

10. Examine for motility; B. anlhracis is not motile. 

11. Inoculate a Lo filer blood serum slant and incubate 21 to 48 hours. B. an- 
lhracis produces no liquefaction or but very slight. 

12. If in doubt, inoculate a young guinea-pig subcutaneously or intraperitoncally 
with 1 c.c. of a 21-hour broth culture or with a suspension in saline solution. 
B. anlhracis usually produces a fatal septicemia in 12 hours to 2 or 3 days with the 
presence of organisms in the heart blood, spleen, liver and other organs. Prepare 
smears of blood and spleen; stain by Gram. Also prepare cultures on plain or 
blood agar. If an early diagnosis is desired, the suspected material may be inocu- 
lated subcutaneously into guinea-pigs, mice or rabbits without waiting for the 
isolation of pure culture. 

13. B. anlhracis must be particularly differentiated from B. suhtilis ; also from 
B. mycoides and B. mesentericus: 


TABLE IV 



1 Motiltly 

Blood Serum 

Milk 

[ Virulence for 
Guinea pigs 

B. anlhracis 

Absent 

No or slight 
digestion 

Acid and coagulation 

j Virulent 

B. subtihs 

Present 

Digestion 

Alkaline 

Nonvinilenl 

B. mytoidw 

i VieseiA. 

i No d'lgt's'iion 

Acyl; wo eoagwWrcm 

i NwriroletA 

B. mesentericus 

Present 

Slight digestion 

Acid; no coagulation | 

| Nonvirulent 


14. If present in mixed culture, isolation is facilitated by beating a broth cul- 
ture at 60° C. for 20 minutes and then plating. 

15. A positive diagnosis of anthrax may be reported if the specimen contains a 
gram- positive, square-ended, chain-producing, spore-forming, non motile bacillus 
producing characteristic Medusa-head colonies on agar. Confirmatory tests are posi- 
tive precipitation and virulence for young guinea-pigs, rabbits or mice. 
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Precipitin Test. — 1. Prepare a suspension of a 24 -hour agar slant culture in 
5 c.c. of saline solution. 

2. Keep for 2 hours at room temperature and filter. t ' 

3. In a series of small test tubes place 1 c.c. of undiluted. 1:10 and 1:20 
dilutions of antianthrax serum. 

4. Caiefully overlay with 1 c.c. of filtrate. 

5. A positive reaction is indicated by a ring of precipitation within 15 minutes. 
Other aerobic, spore-bearing bacilli may give a reaction with undiluted serum. 

Ascoli Test. — The Ascoli test for the detection of anthrax bacilli in meat may 
be, conducted as follows: 

1. Macerate the tissue with 5 to 10 parts of saline solution or 1: 1000 acetic acid 
and boil for 15 minutes. 

2. Centrifuge and filler through paper. 

3. Place 0.5 c.c. of antianthrax serum of good precipitating titer in a test tube 
and overlay with 0.5 c.c. of clear filtrate. 

4. Stand at room temperature for 15 minutes. A positive reaction is indicated 
by a white ring of precipitation. 

Blood Cultures. — It is always advisable to culture 10 to 20 c.c. of blood in 
150 c.c. of plain broth. The bacilli may be present and especially in some cases 
just before death. When positive they are usually present after an incubation 
of the culture for 24 to 48 hours. 

Isolation from Hair or Bristles. — 1. Rub up the suspected material in saline 
solution. 1 

2. Heat one half at 80° C. for 30 minutes to kill nonspore-forming contaminants. 

3. Centrifuge both portions. 

4. Prepare four agar plates of both sediments. 

5. Inoculate mice and guinea-pigs with both. 

6. Study colonies (special attention to deep ones). 

METHODS FOB, THE IDENTIFICATION OF E. SHBTH.IS 

1. This organism, commonly known as the “hay bacillus.” is nonpathogenic but 
is occasionally found as a saprophyte in old sinuses and infected -wounds. It is 
also a common contaminant of culture media and may be mistaken for B. anthracis. 

2. It grows readily and luxuriantly on all ordinary culture media. The colonies 
are large and spieading with irregular margins due to interlacing chains of bacilli. 
It is aerobic and in broth grows largely on the surface with a pellicle which later 
may drop to the bottom of the tube. It rapidly liquefies both gelatin and Loffler’s 
blood serum medium. 

3. The organism is gram-positive and occurs as straight rods (Fig. 249) in 
chains. Spores are found usually slightly nearer one pole than the other but only 
in the chains. 

4. It is actively motile whereas B. anthracis is nonmotile. For further differentia- 
tion see above under Methods for the Identification of B, anthracis. 
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METHODS TOR THE IDENTIFICATION OF B. DIPHTHERIAE 

1. Diphtheria is usually an infection of the upper respiratory tract (nose, 
fauces, of larynx) with B. diphtheria* ( Coryncbaclerium diphtheriae) . Laryngeal 
diphtheria is also known as “membranous croup,” It is important to make smears 
and cultures (preferred) with much care ns otherwise they may prove negative 
for the bacilli and misleading. 

2. If smears of the exudate have been made, stain with Ld flier's methylene blue. 



Fic. 240. — -Bvetu.us Sunnus 
(Hay liacillu*)' 


Cultures are much more reliable. In direct smears the bacilli arc larger and atypi- 
cal. Smears may be negative in cases giving positive cultures and should not be 
relied upon alone for bacteriological diagnosis. 

3. The bacilli ore gram positive. Lofller’s methylene blue is the best routine 
stain. There is no specific stain for differentiation from B. ho jj man it and diph- 
theroid bacilli. Neisser’s stain may be used for bringing out move sharply the 
metachromatic granules. 

4. Cultures should be made on slants or plates of Loffler’s blood serum medium. 
Blood agar is ne\t best. Cultures should lie incubated at 35“ to 37° C. for 18 to 2i 
hours. At higher temperatures the bacilli become smaller and atypical. Cultures 
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may be examined as early as 8;,to 12 hours but the bacilli are larger, more solid , 
and more difficult to recognize. ,". , ? - , 

5. On Loffler’s medium the colonies are small, circular, grayish or creamy white, 
convex and smooth: On blood agar their appearance is the same; some strains 
show narrow zones of hemolysis. On potassium tellurite medium containing blood ■. " 



Fic. 250. — Diphtheria Bacilli (Wood) 


and tryptic digest, the colonies are. black because the bacillus reduces the salt. - , 
This medium is recommended as an aid in identification. ■' 

6. The organism is aerobic. In broth a fine pellicle may. develop on the surface 

■with moderate turbidity and collection of fine granules on the sides of the tube, 
with a powdery deposit. • * ■ 

7. Prepare smears and stain with methylene blue. Be siire to pass the loop < 

lightly over the entire surface of the slant in order not to miss isolated colonies. ' 
The smear will often show a pure or. almost pure culture, owing to the fact that • " 
in the first 18 to 24 hours the bacilli tend to outgrow other organisms. ' - ■“ . 

8. Diphtheria bacilli are slender, straight or slightly curved rods (Fig. 250) 

occurring in three principal morphological types, which Wesbrook and others , ■ 
have subdivided into many subvarieties: , . .... : ; 

; (a) Granular or beaded types, which are most laical and likely to be most 
virulent. 

(b) Segmented or barred types, encountered less frequently but likewise likely ; 

to be virulent ■ > . . 

(c) Solid types, which may be -long or short, and likely less virulent. These 
bacilli are readily mistaken for B. hoffmanii and diphtheroid bacilli. 1 ' ' 
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9. Any of these, and especially the granular and segmented types, may have 
swollen ends producing the typical club-shaped bacilli. They are not encapsulated, 
do not form spores and are nonmotile. 

10. It is usual and characteristic of diphtheria bacilli to lie at various angles to 
one another forming V or Y shapes, which when clumped give the appearance of 
Chinese letters. They do not occur in palisade formation or in chains. 

11. With experience D. diphtheria e may be readily identified by these means. 
But it is not always possible to safely differentiate the solid types from R. hoff- 
mnnii and diphtheroid bacilli. Sugar fermentation nnd guinea-pig virulence tests 
are sometimes required. 

12. The true diphtheria bacillus produces acid but no gas in dextrose, maltose, 
and dextrin. Hiss serum water litmus medium with 1 of these sugars may he 
cmplojed for the tests. 

Subcutaneous Test for Virulence.— 1, If the culture on a slant of Lofller’s 
medium appears to be pure, wash it off with 10 c.c. of sterile saline solution, 
emulsify nnd inject a 250 to 300 gram guinea-pig (not hea\ier) subcutaneously 
with 4 c.c. in the median abdominal line. Inject a second pig with the same amount 
plus 1 c.c. of antitoxin (100 to 500 units) . 

2. If the culture is not pure, first isolate the diphtheria bacilli by the “streak” 
method on plates of Lofiler’s blood serum, ascitic or blood agar. 

3. Inoculate a tube of glucose broth with several different colonics. If one 
colony is used, there is danger of picking up a nonviwlent organism and securing 
a negative result even though virulent bacilli are actually present in the original 
culture on the slant. 

4. Incubate at 37* C. for 48 hours, keeping the tube in a slanted position to 
give the culture as much' ox)gen as possible. 

5. Examine for purity. Inject a 250 to 300 gram pig subcutaneously in the 
median abdominal line with 2 c.c. of culture. Inject a second pig with the same 
amount plus 1 c.c. of antitoxin (100 to 500 units). 

6. Observe for at least 4 days. The control animal by either method should 
survive and show no edema at the site of inoculation. 

7. Virulent bacilli by either method will kill the pigs within four days with 
marked hyperemia of the suprarenal glands. Or the pigs will be sick and show 
marked edema at the site of inoculation; this is nl«o a positive result even though 
the pigs may not succumb in ffcur days (they are likely to develop paralysis of 
the hind legs later on). 

Intracutaneous Tests for Virulence. — 1. The advantage of this method is 
that two or three cultures can be tested with one guinea-pig or rabbit. It is, how- 
ever, less reliable than the subcutaneous tests. 

2. Denude an area of abdominal skin by plucking out the hair for injection of 

each culture. / 

3. Emulsify a 24-hour growth of a Loffler slant in 10 c.c. of sterile saline 
solution. 

4. Inject 0.15 c.c. intiacutaneously. 
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5. Virulent bacilli produce a positive reaction of definite local inflammation in 
24 hours which goes on to superficial necrosis in 48 to 72 hours. 

6. A control animal may be inoculated in the same manner, but receiving an 
intraperitoneal injection of 100 to 500 units of antitoxin. It should show no lesions. 

METHODS FOR THE IDENTIFICATION - OF B. XEROSIS 

1. This is the special name given to the diphtheroid bacillus of the eye. 

2. The bacillus may be found on the normal conjunctivae; it sometimes produces 
a low-grade chronic conjunctivitis. 

3. Smears of conjunctival secretion stained by Loffler’s methylene blue or 
Giam’s method show solid bacilli of typical grouping and morphology. 

4. Cultuies on Lofiler’s blood serum or blood agar show luxuriant growths of 
large, solid, gram-positive bacilli of typical grouping. 

5. Cultures are nonvirulent for guinea-pigs. 

6. Cultures usually ferment some sugars in Hiss’s serum water medium, es- 
pecially saccharose and dextrose but not dextrin. 

METHODS FOR THE IDENTIFICATION OF B. HOFFMANTI 

1. B. hoffmanii is commonly found in the normal nose. It is now regarded as a 
separate species rather than a nonvirulent diph- 
theria bacillus. It is nonpathogenic. 

2. The bacillus is shorter and thicker than B. 
diphtheritic; usually straight and slightly clubbed 
at one end (Fig. 251). 

3. Stained with Lofller’s methylene blue, the 
bacilli are solid but occasionally show an un- 
stained transverse band through the middle which 
may give them a diplococcoid appearance. No 
polar bodies; no spores; not encapsulated; non- 
molile; gram-positive. 

4. The organism grows more luxuriantly than 
B. diphtheriae. The colonies are larger, less ti ans- 
paient and whiter. In broth there is less turbidity 
and less tendency to fonn a pellicle. 

5. Sugar fermentation tests are usually required 
for final identification. Inoculate a pure culture 
in Hiss serum water litmus medium carrying 1% 
of dextrose, saccharose and dextrin. B. hoffmanii 
pioduces no acid and no gas with these or other sugars, 

6. The bacillus is nonvirulent for guinea-pigs. 

METHODS FOR THE IDENTIFICATION OF DIPHTHEROID BACILLI 

1. Diphtheroid-bacilli are widely distributed, commonly occurring in the normal 
nose and throat as well as on the skin, in lymphatic glands, ascitic fluid, etc. 
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2. They are commonly found in the pus of chronic infections and especially those 
involving bone (otitis media, wounds, fistulae, etc.) os secondary invaders. 

3. They are nonvirulent, occurring in cultures of the nose and throat. They 
are readily mistaken for B. diphtherias with unnecessary prolongation of quar- 
antine following reem cry from diphtheria. 

4. The bacilli are usually long or short solid types but often showing met achro- 
matic granules. 

5. These organisms grow on plain agar and much more luxuriantly than B. 
diphtheriae. The colonies are large, white and glistening. 

6. The guinea-pig virulence test is the only 
reliable means for differentiation from B. diph- 
theritic. 

7. They may produce acid with dextrose and 
dextrin in Hiss scrum water litmus medium. 

METHODS rOP. THE IDENTIFICATION 
Or B. INFLUENZAE 

1. B. influenzae ( Hemophilus influenzae) is 
not now usually regarded as the cause of influ- 
enza since it.appears that a filtrabie virus is the 
primary agent, but it is at least an important 
secondary organism and at times the primary 
cause of meningitis, pneumonia and arthritis. 

2. It may I>c found in the nasopharynx of 
healthy persons. 

3. The organism occurs as a very small, 
short, moderately thick rod, sometimes almost 
coecal (Fig. 252 ) but is highly pleomorphic 
and may occur in long threads or fila- 
mentous forms, especially in spinal fluid. 

Bipolar granules are frequently seen. 

4. B. influenzae is gram-negative; not encapsulated; does not form spores; is 
nonmotile. 

5. It is best stained with dilute carbolfuchsin or Giem«a’s stain. 

6. Smears of spinal fluid (usually prepared of sediment after centrifuging) are 
of great value in diagnosis but direct smeaTS of the nasopharynx are not worth 
while. 

7. Being a strict parasite it requires for cultivation the presence of accessory 
substances or “growth factors,” of which two, X and V, have been distin- 
guished. The X factor, which is thermostable, is associated with hematin and with 
less well-defined substances present in fruits, potato and other vegetables con- 
taining iron. The V factor, which is thermolabile, is found in blood, potato and 
yeast and resembles vitamin C. 



Frc. 252. — Bacillus Influenzae 
(Zin»ser) 
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8. Satisfactory media are “chocolate agar,” fresh blood agar (human or rabbit 
blood preferred) and Avery’s sodium oleate agar (pH 7.2). 

9. Sputum should be obtained from the lower passages and washed in sterile 
water. Select one or more solid particles and streak on plates. In the case of spinal 

* fluid culture at least 1 c.c. or 0.5 c.c. of sedimeiit. Swtibs of the nasopharynx may 
be streaked on plates. 

10. Cultivate 24 hours at 37° C. The colonies are pinpoint in size, smooth, 
circular, transparent and homogeneous with edges entire and emulsifying readily. 

11. Prepare smears and slain by Gram method. Transplant colonies to slants of 
plain and “chocolate agar.” B . influenzae will not grow on the former. 

' 12. It is a difficult organism to identify until considerable experience has been 
gained. In spinal fluid, however, it is readily identified by these characteristics. 
Most strains produce acid (no gas) with levulose, galatose, dextrose but not with 
lactose or mannitol. AH strains are negative on mannitol and lactose. 

METHODS FOR THE IDENTIFICATION' OF B. PERTUSSIS 

1. It is difficult to isolate B. pertussis ( Hemophilus pertussis ) of Bordet-Gengou, 
even under the most favorable circumstances, because it grows slowly. 

2. Good results are secured by culturing tire thick viscid pellets of sputum 
obtained during the early or catarrhal stage 
as the secretions of the nose usually give nega- 
tive results. The “cough plate” method de- 
vised by Chievitz and Meyer is preferred. 

-3. The examination of stained smears of 
sputum is hardly worth while as the bacillus 
cannot be differentiated from B- influenza by 
morphology alone. 

4. B. pertussis requires neither the X nor 
V factors for its growth and the best medium 
is the glycerin-potato-blood agar of Bordet- 
Gengou or modifications of it with a pH of 
about 5.0 as it inhibits the growth of B. influ- 
enza. Mueller believes that better results are 
obtained by leaving the medium unadjusted 
which gives a pH of 6.1 to 5.8. 

5. Pellets of thick tenacious mucus should 
be taken up on a platinum loop, washed two or three times in sterile saline and 

, streaked on plates. 

6. With infants and young children from whom sputum may not be obtainable, 
open plates of medium may be held 5 or 6 inches in front of the mouth during a 
paroxysm of coughing or forced expiration (“cough plates”). 

7. Incubate 48 to 72 hours. The colonies are characteristic being small, dome- 
shaped, moist and pearly-white surrounded by a narrow darkened zone of 
hemolysis. 



Fig. 253. — Bacillus Pertussis 

Organisms fiom forty-eight-hour cul- 
ture on Bordet-Gengou medium. 
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8. Prepare snfears an<J stain by the method of Gram. Best results are obtained 
with phenobtoluidine blue (Bordet-Gengou) or phenol-methylene blue. It is gram- 
negative and does not form spores. 

9. Tbe bacillus occurs as small ovoid rods (Fig. 253) sometimes bipolar and 
resembling B. influenzae. Tbe forms seen in cultures are often larger than those 
seen in smears of mucus and filaments are sometimes produced. 

10. B. pertussis does not ferment any carbohydrate, does 
not reduce nitrates and forms no indole. 

METHODS FOR THE IDENTIFICATION OF THE 
KOOH-WEEKS BACILLUS 

1. The Koch -Weeks bacillus ( Hemophilus conjunctive 
tidis ) causes acute contagious conjunctivitis commonly 
known as “pink eye.” 

2. Diagnosis is best made by the examination of smears 
of conjunctival secretions stained by the method of Gram. 

3. The organism occurs as a small gram-negative bacillus 
slightly larger than B. influenzae. It is usually intracellular 
but also extracellular (Fig. 231). In acute cases the bacilli 
are present in large numbers but arc so small that they may 
be overlooked. They tend to occur in shoals near pus cells. 
Smears stained with dilute carholfuchsin or phenol tolui- 
dine blue arc sometimes to be preferred. 

4. As a general rule such findings are sufficient for 
diagnosis. 

5. If cultures are desired, inoculate plates of fresh blood 
agar as both growth factors, X and V. are required. Ascitic-glycerin agar is also 
suitable. Incubate for 48 hours. Examine for email, dewdrop colonies of gram- 
negative bacilli. The bacillus does not ferment the sugars. 

METHODS FOR THE IDENTIFICATION OF THE MORAX-AXENTELD 
BACILLUS 

1. The Morax-Axenfeld bacillus (f/emop/iilus lacunatus) produces a 'type of 
subacute or chronic angular conjunctivitis. 

2. Prepare smears of the conjunctival secretions and stain by the method of 
Gram - - 

3. The organism appears as short, thick bacilli, usually in the form of two 
bacilli placed end to end, but infrequently singly or in short chains. Their ends are 
distinctly rounded, their centers slightly bulging,' giving the bacillus an ovoid form 
(Fig. 255). They are gram-negative; are not encapsulated, and they do not form 
spores. 

4. Such findings are usually sufficient lor diagnosis. 

5. If cultures are made, use alkaline agar enriched with serum, blood or ascitic 
fluid. The organism does not require the X or V factors. Incubate at 37* C. for 
48 hours. The colonies are gray and at first almost invisible. On Ltiffler’s blood 



Frc. 2SI — Con j use- 

tivat. Smear Show- 
ing Kocm -Weeks 
Bacilli 

P, intracellular ba- 
cilli 

(From Todd and 
Sanford, Clinical Diag- 
nosis by Laboratory 
Methods, W. B. Saun- 
ders Co.) 
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serum colonies appear as small indentations or erosions due' to liquefaction of the 
medium from which the name “Iaeunalus” is derived. 

6. The bacillus produces acid but no 
gas with dextrose and mannitol but not 
with maltose or lactose. 

METHODS FOR THE IDENTIFICA- 
TION OF THE ZUR NEDDEN 
BACILLUS 

1. Tin's bacillus is believed to some- 
times pi oduro conical ulcers. 

2. It is vciy small, often slightly 
curved and generally occurs singly as it 
does not foim chains. 

3. Piepare smears and stain by 
method of Gram. It is gram-negative, 
often staining poorly at the ends. It is 
not encapsulated. 

4. It grows leadily on ordinary cul- 
ture media. Upon plain or blood agar 
the colonies aie transparent, rounded, raised, granular and slightly fluorescent with 
a tendency to confluence. Gelatin is not liquefied; milk is coagulated; indole is not 
produced. On dextiose culture media it will produce acid but will not produce 
gas. 



255. — MoRAX-AxErvrJxo 
(Zinsser) 


Dipi.obacjllus 


METHODS FOR THE IDENTIFICATION OF THE BACILLUS OF DUCREY 

1. The barillus of Ducrey [ Hemophilus ducreyii) is regarded as the cause, of 
chancroidal infection (“soft chancre”) . 

2. The best method of examination consists in aspirating an unopened bubo 
and preparing smears and cultures of the pus. When buboes are not present, ma- 
terial may be scraped from the base of the ulcer or from beneath its overhanging 
edge with a stiff wire. 

3. Stain the smears by the method of Gram. 

4. The bacillus is difficult to cultivate; the method of Teague and Dcibert is 
recommended: (I) Bleed a rabbit aseptically from the heart and distribute 1 c.c. 
amounts in small sterile test tubes. Allow to clot, beat for 5 minutes at 55° C. 
and keep in refrigerator. (2) With sterile stiff iron wire bent at one end, secure 
pus by gently rubbing over the base of the ulcer or under its undermined edge 
and then pick up a bit of pus from the dressing. (3) Transfer to a tube of the 
clotted blood and distribute in the serum. (4) Incubate at 37° C. for 24 hours. 
(5) Stir the serum with a platinum loop and prepare a smear; stain by the 
method of Gram. 

5. The presence of extremely small gram-negative bacilli 'with no capsules and 
no spores are usually sufficient for diagnosis. They have a tendency to occur in 
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short chains and in parallel rows. In smears of pus they are often intracellular. 
They stain more deeply at the poles. 

6. II cultures are made use plate of one part of fresh sterile blood with two parts 
or agar inoculated by the surface streak method. Incubate at 37° C. for Ail hours 
and examine for very small, transparent, gray, firm and finely granular colonies. 
Prepare smears and stain by the Gram method. 

METHODS FOP. THE IDENTIFICATION OF BACTERIUM TULARENSE AND 
THE LABORATORY DIAGNOSIS OF TULAREMIA 

1. Bacterium tularense { I'as/eurella tularensis) produces n disease of rodents 
transmissible to man wills the production of four chief clinical t) pcs of disease: 



Fic. 2S6. — Bacterium Tularense from Culture ov Glucose Cystine Acar, Showing Coccoin 
, ard Bacillary Forms in the Same Field 
Army Medical Museum. Courtesy Edward Francis. U.S P.I1.S. Approx. X 5000. 


(a) ulceroglandular, due to infection of the skin and later of the regional lymphatic 
glands; (b) oculoglandular, due to infection of the conjunctlvae and later of the 
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lymphatic glands: (c) glandular, with no primary lesion; and (d) typhoid, with 
no primary or glandular lesions. 

2. If secietions are available prepare smears on slides and stain by the Gram 
method. It is also advisable to make a dark-field examination for Spirochaeta 
pallida to rule out the possibility of syphilis. 

3. Inoculate tubes or plates of glucose-cystine agar or blood-cystine agar by 
rubbing secretion, pus, blood, or better still, a piece of infected tissue over the 
surface of the medium. Make a blood culture. 

4. Incubate at 37° C. for 3 to 5 days and examine for minute, buttery, smooth, 
easily emulsified, grayish-white colonies. If negative, incubate and study for at 
least 2 or 3 weeks longer. Prepare smears and stain by Gram method. 

5. The bacilli are small, gram-negative, nonmotile, nonspore forming and 
usually^ occur singly (Fig. 256). They are pleomorphic: bacillary, coccoid and 
frequently bipolar. A clear area resembling a capsule often surrounds the 
bacilli in animal lesions or when mixed with serum. Carbolfuchsin and gentian 
violet are the best stains. 

6. The bacterium produces acid but no gas with glucose, levulose, mannose 
and glycerin. 

Animal Inoculation Test. — 1. Inject a guinea-pig subcutaneously with ma- 
terial from glands, ulcers or blood. 2. Shave or pluck the abdominal skin of a 
second animal; produce and inoculate abrasions. 3. As a general rule both ani- 
mals will die in 5 to 10 days if B. tularense is present with hemorrhagic edema but 
no pus at the site of inoculation; the lymphatic glands are enlarged with dry, 
yellowish, caseous material: the spleen is enlarged and dark in color; the liver 
contains many discrete, white, caseous granules. Prepare smears and cultures. 

METHODS FOE THE IDENTIFICATION OF B. PESTIS AND THE 
LABORATORY DIAGNOSIS OF PLAGUE 

1. B, pestis ( Pasteurella peslis) produces a disease of rodents transmissible to 
man. In the latter two varieties occur: (a) bubonic plague due to infection of 
lymphatic glands and ( b ) pneumonic plague due to infection of the lungs. 

2. In the bubonic type prepare smears and cultures of pus aspirated or taken 
from the glands. If these are small, hard and difficult to aspirate, excise a gland. 
In the pneumonic type prepare smears and cultures of the sputum. A blood culture 
is advisable in all cases. From cadavers secure material from glands, spleen and 
lung. 

3. Stain smears by the method of Gram; also with methylene blue or dilute 
carbolfuchsin. 

4. Inoculate plates of blood agar, glycerol agar or 3% sodium chloride agar by 
the surface streak method. For blood cultures use nutrient broth. 

5. Incubate at 30° to 35° C. for 48 hours and examine. 

6. The bacilli are short and thick with rounded ends and convex sides, occurring 
singly' or in pairs and at times in short chains or small groups (Fig. 257). They 
are highly pleomorphic with marked variations in size and staining. They are 
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gram-negative and bipolar; nonmotile; nonsporulating. In tlie tissues and In serum 
broth, capsules are sometimes present. 

7. The colonies are small, round, glistening, transparent, colorless, purely granu- 
lar and entire or with slightly undulating edges. No hemolysis on blood agar. 
No liquefaction of Lofflcr’s blood serum medium. 

8. In broth there is moderate growth with a delicate pellicle from which thread- 
like growths (stalactites) hang down in the medium. 

9. Produces acid hut no gas in media carrying dextrose, maltose, mannitol and 
salicin. Litmus milk is acidulated but not coagulated. Gelatin is not liquefied. 

10. Conduct agglutination test with high-titer serum and an antigen of bacilli 
for confirmation. 



(Afltr MnlWy and Wright.) 



'Fic. 2S8.— Bicillcs Pyocyasecs 


(From Paik, Williams and Krum- 
wlede. Pathogenic Microorganism j. Lea 
and Febiger.) 


Animal Inoculation Test. — 1. Use guinea-pigs or mice. 

2. Several hours before inoculation, dip the animals in an antiseptic solution 
to kill all ectoparasites and then place them in grca«ed glass jars covered with 
fine mesh top to prevent the escape of any infected parasites. 

3. Inoculate subcutaneously with small amounts of original material or with a 
few loopsful of suspected culture. 

4. If D. peslis is present, the animals will die in 2 to 4 days with the charac- 
teristic lesions in the spleen, liver, etc. 

5. Prepare smears and cultures. 

Diagnosis of Plague in BodentS. — I. If to be sent to a distant laboratory 
place the specimen in a tightly sealed container, which is packed in a second 
container to avoid breakage and ship by express as federal laws prohibit shipment 
by mail. Decomposition may be avoided by surrounding the specimen container 
with solid carbon dioxide (dry ice). 

2. Wear rubber gloves and long sleeved gowns. 



PLATE I\ 



A Hormone Test for the Diagnosis or Eariv Precnvxcv. 

A. Bicomatc uterus, tubes, and ovaries of a fourteen-week rabbit, thirty hours after injection 
of 7 c.c. of urine from a non-pregnant patient. This demonstrates a negative result, with no 
changes occurring in the ovaries. 

B. Bicomate uterus, tubes, and ovaries of a fourteen-week rabbit, thirty hours after injection 
of 7 c.c. of urine from a pregnant patient. This demonstrates a positive result froin an 
approximate five weeks’ pregnancy, showing the presence of numerous corpora lutea and 
corpora hemorrhagica 

(From P. F. Schneider, Sttrg , Gmcc. & Obst , Jan. 1931.7 
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3. Dip the animal in antiseptic solution to kill fleas and other parasites. 

4. Conduct an autopsy for macroscopic lesions, although occasionally the dis- 
ease may occur without recognizable lesions. 

5. Examine lymphatic glands which are enlarged, congested, hemorrhagic and 
later neciotic. 

6. Examine the liver for mottling, punctate hemorrhages and pinpoint yellowish 
spots of fat necrosis. 

7. Examine the spleen for enlargement with small, discreet or confluent granules 
on the surface. 

8. Examine the pleural and peritoneal cavities for excess of fluid. 

9. Prepare cultures. Examine sections of tissues stained for the bacilli. 

10. Tularemia of rats resembles plague so closely that it is neeessaiy to dif- 
ferentiate culturally. Hie Coryncbacterium pscudotuberculosis (Pasleurella pseudo- 
tuberculosis) also produces similar lesions but differs from B. peslis in being 
motile in young broth cultures at 22° C. and by fermenting sacchaiose with pro- 
duction of alkalinity in milk. The lesions produced by Trypanosoma lewisii can be 
differentiated by finding this parasite in blood smears. 

METHODS FOR THE IDENTIFICATION OF B. FYOCYANEUS 

1. B. pyocyaneus ( Pseudomonas aeruginosa) is widely distributed in nature and 
is ordinarily of low pathogenicity. It is particularly likely to occur as a secondary 
invader in chronic suppurations and especially those involving bone (chronic 
otitis media; suppurative mastoiditis ; osteomyelitis; infected wounds, sinuses, etc.). 
It may, however, produce primary infections and especially in poorly nourished 
children (acute otitis media; diarrhea and gastro-enteritis, etc.). It occasionally 
produces septicemia. 

2. In smears and cultures it occurs as a short, slender (Fig. 258), gram- 
negative bacillus, ordinarily single but sometimes in chains of 4 to 6 elements and 
occasionally growing out into long filaments and twisted spirals. Sometimes 
granules are present and the organism may be mistaken for the diphtheria bacillus 
which, however, is gram-positive. 

3. It stains readily; is noncapsulated; is actively motile and nonsporulating. 

4. B. pyocaneus grows luxuriantly on ordinaiy media at 37° C. producing 
smooth, moist, glistening colonies of buttery consistency which later become large, 
spreading and grayish with irregular edges. The organism in aerobic cultures 
pioduces characteristic pigments which diffuse into the medium. One of these is 
fluorescein , -which is greenish-yellow' or green, soluble in W'aler but insoluble in 
chlorofoim. The second is blue-green or pyocyanine, soluble in both w’ater and 
chloroform. It grows readily in broth and especially on the surface -with the 
formation of a pellicle. 

5. The organism is usually readily and easily identified by these characteristics. 

6. It rapidly digests Lofiler’s serum medium and gelatin; produces acid, but no 
gas, in dextrose; produces no indole; does not reduce nitrates. 
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METHODS FOR THE IDENTIFICATION OF B. MTJCOStTS CAFSULATUS 
1, B. mucosus capsulaius [Klebtieila pneumoniae) or the Fried Hinder Lacillus 
is usually found in the respiratory tract associated with or producing chronic 




Fic. 259,—- Bacillus Mucosus-CArsuLATUs (Zinsser) 


sinusitis, otitis media and ina«toiditis, bronchitis, bronchiectasis, pneumonia and 
pjeuriiis and occasionally pericarditis, conjunctivitis, meningitis and septicemia. 

2. In smears of pus and cultures it occurs 
as short, plump hacilli or diplobacilli; singly 
and occasionally in short chains (Fig. 259). 

3. The organism stains readily and is gram- 
negathc; encopsulatetl (Fig. 260) ; non- 
motile; nonsporulating. 

4. It grows well on ordinary media ot 37® 
C. producing round, gra>i«h-uhitc, opaque, 
comer, smooth, glistening, mucoid colonies 
with smooth edges. On blood agar there is no 
hemoljsis but the medium is browned. 

5. It grows well in broth with a pellicle 
and alter several days a marked viscosity. 

6. As a general rule the organism is readily 
identified by these characteristics. Litmus 
milk is acidified and sometimes coagulated. 
Acid and gas are produced in dextrose, le\u- 

lo«e, galactose, lactose and sucrose; gelatin is not liquefied. 

7. By serological tests the smooth type encapsulated bacilli are divisible into 
types A, B, C and a heterogeneous Group X. 



Capsltatcs 

(From W. W. Ford, Textbook of 
Bacteriology.) 
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sections of tissue (Fig. 261).,. 

3. The bacillus is a plump; short 

rod, with rounded ends, morpliologi- .' 
cally and culturally very similar ;to . 
the B. mucosas capsulatus of Fried-; . 
lander. It is nonmotile, gram-nega- ■ V 
live and encapsulated. -- 

4. It differs from the Friedlander. 
bacillus in producing no gas in 
dextrose broth, no . acid .in lactose 
broth, and not coagulating, milk. 
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T. The etiology of ozena or atro- 
phic rhinitis is uncertain. B. ozena 
( Klebsiella ozoenae) is of doubtful - Fie. 
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2. Inlection takes place by entrance through the broken skin and the mucosa 
of the mouth or nose. In man infection usually occurs through the skin. 

3. Bacteriological diagnosis is usually difficult. Pus from the skin lesions may 
be used but better results are secured with freshly excised lesions of the skin or 
portions of submaxillary lymph glands. These should be finely divided with sand 

in a sterile mortar and planted on 
plates of 3*0 glycerol-agar {pH 7.6), 
glycerol -potato medium, and in 3% 
glycerol-broth (pH 7.6). 

4. Direct smears may he prepared 
and stained with carholfuchsin or 
Lo filer’s methylene blue hut are 
hardly worth while since the bacillus 
is not readily recognized by morpho- 
logical characteristics alone when 
mixed with other bacteria. 

5. Incubate the cultures for 48 to 
72 hours as the bacillus at first may 
grow rather slowly. On glycerol- 
agar the colonies are whitish or yel- 
lowish and usually round. On potato 
the growth is more characteristic 
being yellowish, semitransparent and 

like drops of honey, gradually becoming brownish or amber colored and tenacious. 
The medium may become green or greenish-brown. 

6. Pick off suspicious colonics and transfer to agar slants. Stain smears by Gram 
method and with carholfuchsin. 

7. The bacillus is gram-negati\c, slender, nonmotile, nonsporulating and non- 
encapsulated (Tig. 262). In cultures it is highly pleomorphic, varying greatly in 
length and width, often showing irregular bizarre forms, and occasionally long 
filaments with false branching. They stain rather faintly and are sometimes bi- 
polar. 

8. Culture can be definitely identified by agglutination test with immune serum, 
although freshly isolated strains are not easily agglutinated. In conducting this 
test, heat several 48-hour glycerin-agar slant cultures at 60° C. for two hours and 
suspend the growths in saline solution carrying 0.3% tricresol. Shake well for a 
homogeneous suspension and filter if necessary' through soft paper. 

Set up agglutination tests with 0.5 e.c. of varying dilutions of a known immune 
serum and add 0.5 c.c. of the bacterial suspension. Include saline controls and 
preferably a set of controls employing normal serum. 

Incubate at 37° C. for 24 hours and read the reactions. 

Inoculation of Animals (Straus Test). — 1. Inject intraperitoneally a male 
guinea-pig with a small amount of suspected material. 

2. If B. mallei Is present, an orchitis will develop in 3 to 4 days in about 60 



Fic. 262.— Clambers Baollcs 
(Zm««er) 
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to 70% of cases; in acute glanders positive results are much more, likely than in 
chionic glanders since the bacilli may become avirulent. Similar lesions may be 
produced by C. pseudotuberculosis, L. Whitmori and even by tuberculosis or diph- 
theria bacilli. 

3. As soon as the orchitis is well developed, destroy the animal and culture 
the testes as just described. If the animal is allowed to live, the testes will abscess 
and discharge. Lesions will also develop in the liver, spleen, pancreas, lungs, etc. 

METHODS FOR THE IDENTIFICATION- OF BRUCELLA MELITEN SIS, BRUCELLA 
ABORTUS, BRUCELLA SUIS AND THE LABORATORY 
DIAGNOSIS OF UNDULANT FEVER 

1. Brucella melitensis infects goals; Brucella abortus infects cows and Brucella 
suis infects hogs. Man may become infected through the ingestion of milk from 
infected goats and cows or by the flesh of these animals. 

2. The three organisms are closely related. In man, laboratory diagnosis is 
attempted by cultures of the blood, urine and feces and by agglutination and 
complement fixation tests with serum. 

3. Blood cultures are prepared with 10 c.c. or more of blood in 250 to 500 c.c. 
of infusion broth or liver infusion broth. Incubate at 37° C. and observe for at 
least 3 weeks, making frequent transfers to duplicate sets of plates of glycerin- 
agar, “chocolate” blood agar and liver infusion agar. Incubate one set of plates 
in a jar with 10% C0 2 . Examine the plates daily. Br. abortus grows fairly well 
in C0 2 while Br. melitensis and Br. suis grow very poorly. 

4. Collect urine aseptically by catheterization and centrifuge. Inoculate the 3 
media with sediment by the surface streak method and incubate as above. The 
milk of goats and cows may be cultured in the same manner using both the cream 
and sediment. 

5. The colonies are small, round, convex, smooth, glistening and almost color- 
less. Prepare smears and stain by Gram method. 

6. The oiganisms occur as short straight rods (almost coccal), singly, in pairs 
end to end, in small groups and occasionally in short chains. They are gram- 
negative and may show polar staining. They are noncapsulated and nonmotile. 

7. Transfer colonies to “chocolate” blood agar. Incubate at 37° C. and examine 
for purity. Identify the species by the method of Huddleson: prepare plates of beef 
liver infusion agar (pH 6.6) with (1) 1:50.000 tliionin; (2) 1:25.000 basic 
fuchsin and (3) 1:100,000 pyronin. Inoculate by the surface streak method and 
incubate 24- to 48 hours; examine: 


TABLE V 


Species 

Thionin 

Basic Fuchsin 

Pyronin 

Br. melitensis 


-f ++, 

+ 

+ ++•’ 

Br. abortus 


+ + + 

Br. suis 

++ + 



> 
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8. Test for the fermentation of dextrose. Br. melitensis and Dr. suis produce 
more acid than Br. abortus. 

9. In a medium containing organic sulphur. Dr. abortus and Br. suis liberate 
hydrogen sulphide while Br. melitensis docs not. 

10. Final identification may require macroscopic agglutination tests with anti* 
sera for Br. melitensis, Br. abortus and Br. suis; the final dilutions to employ 
depends upon the liters of the respective sera. Owing to the difficulty of bacterio- 
logical diagnosis, agglutination and complement fixation tests with patient’s scrum 
are preferred. The methods are described in Chapters XXVII and XXIX. When 
agglutination tests are conducted, it is advisable to conduct duplicate tests with 
B. typhosus and B. tularense at the same time. 

Animal Inoculation Test. — The organisms may be isolated Irom inlccted 
tissues, blood, urine or milk by inoculating guinea-pigs subcutaneously or intra- 
peritoncally. If pure cultures are used inject 1 c.c. of a broth culture. If the animals 
do not die, kill them at the end of seven weeks and examine the lymphatic glands, 
liver and spleen for small grayish lesions resembling those of tuberculosis. Pre- 
pare smears and stain by Gram and by the Zichl-Ncclscn methods. Prepare cultures 
as described above, incubating one set aerobically and the other with 10% CO-. 
Isolate and identify as described above. Br. melitensis and Br. suis are more infec- 
tive for guinea-pigs than Br. abortus. 

The Opsono-Phagocytic Test. — Marked phagocytosis of Brucella in vitro h> 
the polymorphonuclear leukocytes in whole citrnted blood is regarded as evidence 
of immunity and an indication of recovery. Slight or no phagocytosis in indicative 
of susceptibility. The technic after that of Keller, Phflrri9, Crit and Gaub (Jour. 
A.M.A., 1936, 107, 1369) is as follows: 

1. In a test tube place 0.2 c.c. of 20% 6odium citrate solution in physiological 
saline solution and add 5 c.c. of blood from a vein. Mix. This gives a final dilution 
of 0.8% citrate which prevents coagulation and inhibits normal opsonins. Use 
within C hours. 

2. Shake thoroughly and place 0.1 c.c. in a small test tube; add 0.1 c.c. of a 
freshly prepared heavy suspension of living Brucella from a 21-hour agar culture 
in saline solution (pH 7.0). The lest may be conducted with any of the three types 
of Brucella but the strain employed should be one known to be susceptible to 
phagocytosis. 

3. Mix and incubate in a water bath at 37® C. for 30 minutes. 

4. Withdraw a small amount of sedimented cells with a capillary pipet and pre- 
pare smears on slides. Dry rapidly in the air. 

5. Cover with 0.5 c.c. of Ilasting’s stain for 15 seconds to fix and add 1 cx. of 
distilled water. Allow to stain for 10 minutes. 

6. Wash in water and dry. Examine with oil immersion objective. 

7. Count the total organisms in 25 polymorphonuclear leukocytes in different 
parts of the field and divide by 25 to determine the average number per cell. 
Report as follows: 
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Negative: 

Slightly positive: 
Moderately positive: 
Strongly positive: 


No phagocytosis 
1 to 20 
21 to 40 
41 or more 


* 


8. Agglutination and allergic intracutaneous skin tests with the soluble nucleo- 
proteins are advisable at the same time: 


Agglutination 

Negative 

Negative 

Positive 

Negative 

Positive 


Skin Reaction 
Negative 
Positive 
Positive 
Positive 
Positive 


Phagocytosis 
0 to 20 
0 to 40 
0 to 40 
60 to 100 
60 to 100 


Interpretation 

Susceptibility 

Infection 

Infection 

Immunity 

Immunity 


METHODS POD THE IDENTIFICATION OF E. TUBERCULOSIS 

1. Methods for the bacteriological diagnosis of tuberculosis of human beings 
include the ' examination of sputum, urine, cerebrospinal, pleural and other 
fluids for B. tuberculosis ( Mycobacterium tuberculosis) by smears, cultures and 
animal inoculation. 

2. The bacilli are characteristically acid-fast but in cultures nonacid-fast forms 
may be encountered. 

3. Human tubercle bacilli occur as slender, straight or slightly curved rods, 
singly or in small clumps v»ith the organisms at angles to each other. They may 
stain evenly or show gianular and banded forms (Plate IX, Figs. 1 and 3). They 
occasionally occur as threads and show branching. They are nonmotile, nonsporu- 
lating, nonencapsulated and are gram-positive. 

4. Bovine tubercle bacilli (Plate IX. Fig. 1) are shorter and more plump and 
very short forms may be intermixed with somewhat larger forms. They stain 
irregularly but are. likewise, acid-fast. The} aie less easily cultivated and aie 
characterized by being more pathogenic for rabbits than human bacilli. 

; 5. The tubercle bacillus grows slowly, the rate depending upon the medium 

employed. The colonies are ordinarily small, crumb-like, irregular, moist and later 
dry, yellowish-brown and with a characteristic odor. The bacilli are highly aerobic 
and in glycerol-broth tend to grow on the surface as a wrinkled pellicle with no 
turbidity and a slight granular sediment. 

Detection of Tubercle Bacilli in Sputum by Smear Examination. — 1. Pour 
the sputum into a Petri dish and pick up with sterilized platinum wire small white 
or yellow caseous particles: if none is present, choose for examination some of 
the thicker yellowish or greenish portions. 

2. Make at least two smears on glass slides. They should he thin and uniform; 
never heavy and unevenly distributed. Material may be pul on. the upper half of a 
slide and squeezed out with another slide, continuing the rubbing until the sputum 
is evenly distributed when the slides are separated. 
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3. Slain with Ziehl-Neelsen’s carbolfuchsin for acid-fast organisms. 

4. The tubercle bacilli will appear as ted, solid or vacuolated, straight or slightly 
curved rods; other bacteria and cells are stained blue. At least two smears should 
be examined before a negative report is given and five minutes or more devoted to 
the examination of each. 

5. The axerage numl>er of tubercle bacilli per field may be recorded according 
to the following scheme of Gaffky as modified by L. Brown: 

No. 1, only 1 to 4. in whole preparation. 

No. 2, only 1 bacillus on an axerage in many fields. 

No. 3, only 1 bacillus on an average in each field. 

No. 4, about 2 to 3 bacilli on an average in each field. 

No. 5, about 4 to 6 bacilli on an average in each field. 

No. 0, about 7 to 12 bacilli on an average in each field. 

No. 7, about 13 to 25 bacilli on an average in each field. 

No. 8, about 50 bacilli on an axerage in each field. 

No. 9, about 100 or more bacilli on on average in each field. 

No. 10, enormous numbers in each field. 

Sources of Error. — l. Scratches in the slides may retain the stain and be 
mistaken for acid-fast bacilli. 

2. Incomplete dccolorization. 

3. There may be tubercle bacilli in the carbolfuclisin washed off from former 
specimens if the stain is being repeatedly used. 

4. Acid-fast bacilli may be present in stale distilled water u«cd for washing 
slides; nbo in vaseline and milk hollies u«ed for collection of specimens. 

5. "Wood fibers, food particles and crystals may retain the fuchsin and resemble 
tubercle bacilli, although the latter are usually readily differentiated by careful 
study of morphology. 

Detection of Tubercle Bacilli in Urine by Smear Examination. — 1. Twenty - 
four-boUr specimens arc preferred, collected in a clean (preferably' sterile) bottle. 

2. Shake the specimen of urme thoroughly; fill 2 centrifuge tubes, 50 c.c, 

capacity, and centrifuge (if smaller tubes are used more will haxe to l>e used or 
the centrifuging repeated until sediment from at least 100 c.c. of the urine has 
been collected) . , 

3. Mix the sediment Irom both tubes or the sediment from 100 c.c. of urine. 
(If sediment contains crystals, they should be dissolved by very small amounts 
of either ammonium hydroxide if acid, or acetic acid if alkaline, diluted with 
water and centrifuged.) 

4. By means of platinum loop, transfer sediment to slides. 

5. Spread out in thin films and dry. 

6. Fix by gentle beat. 

7. * Stain for acid-fast bacilli by the Pappenheim or Ziehl-Neelsen method. 

8. It may be necessary to add a drop of Mayer’s egg albumin to the sediment 
on the slide, before spreading, to facilitate adherence. 




PLATE -IX 


, • 1 ' ' ^ iT* \ ■ 

' • 2 : . “ *■' ■ ' "V 5^' , 

a • ;• ^ •’ 

\, ■ -■ * ; :■ -■', ,.< ' ■' : /v : - ' V; «*• , 7” “V; 

‘ «. *» "* y^y, -* * v v j»’** 0 <L,*‘ 




/ 1, Tuberculous lymph node “giant cell” cdnlaining tubercle bacilli “human type.” Bacilli; 
are red, rest of • specimen, blue. Ziei-Neelson- stain. X 1000 diameters.., ’. -• . V • ■•">" \ v ' 

2, .Tuberculous sputum from human case. Stain same as. above. X. 1009. diameters. > . 

3, .Tuberculous 'sputum; human ■ case.' Stained, by Hermann's _ method.- Tubercle .bacilli' are ; 

’violet, rest- of specimen, brown. .' • A •,> 

• 4. ; Pus from tuberculous abscess jn cow, “Bovine type” of bacillus.’ Stained same as 1' and 2. 

■; X 1000 .diameters.', ’ ’ . ‘ v. ■ .v-.- : i T W 1 

■ 5, Section through , leprous, skin showing bacilli in clumps in, and out of /cells, and large ■ 

‘.‘leprous cell” Containing; a ball of bacilli. Stained by Zichl-Ncelsdn method..: . 

,G, Photograph, of human type of tubercle bacilli from, Sputum: Bacilli in Ted, rest of specimen' 

. blue. 'X 1000 diameters., .(pfankel and Pfeiffer). . ' - " ' •; 

(From’. Part, Williams ' and Krumwiede, Pathogenic Microorganisms; ] Lea , and. Febiger/- 
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, 9* An important source . of error; is the presence, of smegma -bacilli -'which: are ; 
regarded as. usually decolorized . by lliis method. . . // / : :v; , 

Detection of Tubercle Bacilli in Feces by Smear. Examination.— I: Make 
thin smear .of feces on slide or coverglass;- if blood or mucus is present in the , 
feces, this .will he more apt to contain bacilli-., ','/ • ‘ ;,-7-/;7 

,2: Dryin}air/fix, and stain for acid-fast bacilli. .; V 7/. ,'77/-'. 7'--' ,7 - 

3. The concentration methods are a' great.. aid and may he conducted in the same 

manner as for the examination of sputum. V. -./.ri-/ 7' ; 7-' P 

4. PeLroff recommends diluting die stooT with 2 volumes of water, .'stirriiig --and’ 7 } 
filtering to remove the coarse particles; The. liquid stool is then saturated with 
sodium chloride crystals and allowed to stand at room ! temperature, for several, ' 
hours.- Collect .the scum with a sterile' spooii and place . in a lvide-mouthed bottle/ •' 

' Add 2 volumes- of normal sodium hydroxide, shake well and incubate at 37°. .’G.' v ’-'-, 

' for 1 to 2 hours. Centrifuge and decant, the supernatant fluid. To the sediment' ' 
add 3 -to 4 drops of normal hydrochloric acid' to neutralize to litmus or thymol 
\ blue. One part may be smeared, on tubes of an inspissated .medium .(Corper or 
■ Loeweiislein ) for culture, a part used for guinea-pig inoculation and . a part , for 
/ making smears td be stained by the usual methods;,’'. ./ *'• ■''•’/ , 

•(, Detection of Tubercle Bacilli in Pleural and .Spinal- Fluids by Smear 
Examination. — 1. Collect and prepare smears ‘as described above for urine;; il 
a coagulum hasho’rmed, remove . and tease out on a, slide with pins. , 

; 2, Stain and examine for acid-fast bacilli., Prolonged search is generally re- 
/ quired, t - •/ -- • ", '/'■ •-'*/ ' . ■/■ ,•//'/• 

3. /Tubercle bacilli are the only acid-fast bacilli .‘encountered in .spinal fluids} 
Cultures of. the- sediment on Corper’s . potato or egg-yolk medium are frequently 
positive when the bacilli, are present. Very, careful examination of smears should 
reveal the bacilli in 80 to 100%. But in their absence the following changes, ‘ if 
present, should warrant a tentative diagnosis of -tuberculous meningitis (Foord 
.'and Forsyth) : (a) increased cell-count producing a" slight: ground Iglass. appear- 
„ ance of the .fluid/ (b) marked preponderance of lymphocytes but a moderate 
. number- of polyinorphoriuclears may show in smear-negative cases: .( c) the forma- 
tion of ah inverted pine tree web on standing;' (d) a. colloidal ;gold curve showing 
maximum precipitation in the 6th or. 7th tube; .(e) sugar moderately - : o r markedly 
reduced (averaging about 36 mgm, per 100 c.c;),; (/). chlorides below 650 mgiri. 

/- To these 'criteria may be added a niarked /increase of protein}, (strongly , positive 
Pandy reaction).,, . /" . - 7'7 /77'7 ■'/>* //-,.// 

\ 4. Petroft recommends the following method for pleural and peritoneal fluids: 

To. approximately 10 c.c. of fluid,-' add 2 drops of 5% solution of -tannic acid. 

. Mix well 'and centrifuge. . Decant !the supernatant fluid. Prepare arid slain .smears- 
■- of the sediment, portions of which may be also used for preparing cultures and 
inoculating. guinea-pigs. • -/ ' v. . . ; ; . }7/‘7 : '- ■' 

■ • 5. ; , Pleural fluids containing' large clots may be examined by separating the clot 
% and adding to it equal volumes, each of normal sodium hydroxide and 15% solution 
' of antiformin. Shake and digest -at, 37“ ,C. for about an hour. Centrifuge arid decant 
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the supernatant fluid. To the sediment add a few drops of normal hydrochloric 
acid; prepare and stain smears. The clots may also be used for cultures and guinea- 
pig inoculation. 

Detection of Tubercle Bacilli in Milk. — 1. Use milk as fre«h as possible. 

2. Centrifuge 20 e.c. at high speed. 

3. Take off the cream on top, dilute 4 c.c. with sterile water and inoculate guinea- 
pig subcutaneously. 

4. Inject 1 to 3 c.c. of sediment into additional pigs. Also prepare and stain 
smears. 

5. Acid-fast bacilli in smears may be “butter bacilli” and also produce local 
lesions but not generalized infections. To prevent these errors, inoculate tubes ol 
glycerin agar with sediment or cream. “Butler bacilli” develop in a few days at 
37° C. and also at room temperature. 

0. When ready to examine the pigs, inoculate each with 2 c.c. of old tuberculin 
late in the day. The following morning the tuberculous animals will be dead or 
dying; conduct autopsies to confirm the results. 

Detection of Tubercle Bacilli by Concentration Methods. — Anti f or mil. 
Method. — This Is considered useful when direct smears arc negative. Examination 
of a sample of the entire twenty-four-hour sputum is recommended- Antiformin is a 
proprietary preparation and may be prepared by mixing equal parts of liquor sodae 
chlorinatae, U. S. P. and a 15% solution of sodium hydroxide. The former is pre- 
pared by dissolving 600 grams of sodium carbonate and 400 grams of chlorinated 
lime in 4,000 c.c. of distilled water, allowing the mixture to settle and then filtering 
the supernatant fluid. Equal parts are mixed with a 15% solution of sodium 
hydroxide. Keep in a dark bottle in n cool place. 

1. Place equal parts of sputum and 50% antiformin solution in small beaker or 
prepare the mixture in the sputum container. 

2. Incubate at 37° C. for 30 minutes, stirring occasionally to insure complete 
liquefaction or shake for 30 minutes in a shaking machine. 

3. Dilute with 3 volumes of sterile water to reduce specific gravity of the 
solution. 

4. Centrifuge for 10 to 30 minutes; pour off supernatant fluid; fill tube with 
water; centrifuge; continue until all of the fluid has been centrifuged. 

5. To sediment left, after pouring off supernatant fluid, add sterile distilled 
water, mix well, centrifuge and pour off supernatant fluid. 

6. By means of a platinum loop transfer sediment to slides. 

7. Make smears and stain for acid-fast bacilli. 

8. If the sediment does not adhere to the slide, apply a thin smear of Mayer’s 
albumin or raw egg albumin to the slide (egg white, 1 part; water, 10 parts; and 
formalin, 1 part) and spread the sediment. 

9. The sediment may be used for cultural purposes or for inoculation of guinea- 
pigs, although many tubercle bacilli may be destroyed. 

Petr off’s Method. — Instead of using antiformin, Petroff recommends adding to 
the sputum an equal volume of 4% sodium hydroxide. The mixture is kept at 
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37° C. for 15 to 30 minutes, shaking frequently to insure a uniform 1 mixture. After 
complete homogenization, it is centrifuged at high speed and (he supernatant fluid 
decanted. To the sediment add 2 or 3 drops of normal hydrochloric acid to make it 
slightly acid and prepare smears as above. 

With urine Pctrolf’s method is conducted rvitli 2d -hour specimens as follows: 
acidulate with a few drops of 30 Jo nitric acid. To every 1000 c.c. add 2 c.c. of 5% 
tannic acid solution. Shake well and place in refrigerator for 24 hours. Decant the 
supernatant fluid and centrifuge the sediment; decant the supernatant fluid. Treat 
the sediment with 1 c.c. of normal sodium hydroxide solution, which should com- 
pletely dissolve it. Warm for 30 minutes at 37° C.; dilute with 3 volumes of sterile 
water and centrifuge. Decant, prepare and stain smears of the sediment. If cultures 
are to he made, add 5 volumes of normal sodium hydroxide to the sediment; shake 
well, incubate for 30 minutes and centrifuge at high speed for 5 to 10 minutes 
(some bacilli are destroyed). Decant the supernatant fluid, add 2 drops of normal 
hydrochloric acid, mix well and distribute the sediment on the surface of tubes of 
medium containing one of the static dyes (Corper or Lowenstein). Paraffin the 
stoppers and incubate. Tubercle bacilli if present will appear in about 2 to 10 
w'eeks. 

Method for the Cultivation of Tubercle Bacilli (Corper and TJyei). — 1. 

Use Corper’s glycerol water crystal-violet potato or egg-yolk medium. 

2. One c.c. of suspected material is beaten to a homogeneous pulp and intro- 
duced into a sterile centrifuge tube of 15 c.c. capacity with 1 c.c. of 6% sul- 
phuric acid (1 7 c.c. of 96%_ (specific gravity, 1.84) sulphuric acid i n 500 c.c .jof 
distill ed, water) or, better, 1 c.c. of 5% pure oxalic acid (by weight). After 
incubation at 37° C. for 30 minutes, neutralize with normal sodium hydroxide, 
checking the reaction with litmus. Add about 10 c.c. of sterile 0.9% sodium chloride 
solution and centrifugalize. The residue, after the supernatant fluid has been 
decanted, is seeded lightly on the surface of 3 to 6 tubes of the medium, the culture 
tube being capped with tinfoil or a sterile cork after the cotton plug has been 
lightly impregnated with hot paraffin to prevent drying out of the medium. 

3. The culture tubes should be incubated in the dark, with due precaution being 
taken to avoid diying of the medium or contamination. A luxuriant growth should 
occur on this medium within from 2 to 6 -weeks ; but if the culture is negative, the 
tubes should not be discarded for diagnostic purposes until after 3 months’ observa- 
tion at incubator temperature. 

4. A few of the ordinary precautions necessary in growing tubeicle bacilli by 
this method are: (a) Avoid changes which may occur in the potatoes before auto- 
claving by not allowing them to stand too long a lime after cutting, (b) Avoid 
drying of the culture medium during the long period of incubation necessary by- 
paraffining the cotton stoppers, (c) Keep the culture tubes, while in the incubator, 
in a dark receptacle like a covered tin can or keep the incubator dark, preferably 
both, (d) Maintain a constant temperature of 37.5° C, (e) pH of medium 7.0 with 
isotonicity. (/) Eliminate secondary organisms, (g) Avoid inhibitory dyes in the 
medium. 
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Tubercle bacilli in exudates or other material contaminated with other organisms 
may be isolated by injecting the material into a guinea-pig ami then obtaining 
material aseptically from the tuberculous lesions. Such material will contain many 
more tuberdc bacilli and none of the contaminating organisms. Otherwise the 
tubercle bacilli grow slowly and may be readily overgrown by contaminating 
organisms. 

Methods for the Detection of Tubercle Bacilli in the Blood. — In the Lowen* 
stein method, hemoglobin is first removed but this is not essential. Colled 5 to 10 c.c. 
of blood in 2 or 3 c.c. of sterile lOJb sodium citrate in 50 c.c. centrifuge tubes and 
mix. Add 30 c.c. of sterile distilled water, shake well to produce complete hemolysis 
and centrifuge thoroughly. Discard the supernatant fluid, add 30 c.c. of sterile 
distilled water, mix and centrifuge again very thoroughly. Discard the supernatant 
fluid and transfer the grayish sediment with a sterile pipet to 2 or 3 tubes of 
Lowenstein’s Congo red egg medium. Seal the tubes with wax and incubate at 37* C. 
in a horizontal position. Then place the tubes upright and incubate for 4 to 8 weeks. 
If a growth appears prepare smears and stain for acid-fast bacilli. If there is no 
visible growth, scrape the surface of the medium into a small amount of distilled 
water. Centrifuge and examine the sediment. 

Mishulow and her colleagues state that whole blood may be used as follows: by 
means of a sterile pipet add a few drops of citrated blood to plates of Bordet- 
Gengou and Liiwenstein media. Add 1 c.c. of sterile distilled water to eacli plate to 
facilitate the spread of the hemolyzed blood and secure e\cn distribution. Incubate 
at 37° C. for 2 or 3 days until the excess moisture has evaporated. Then seal each 
plate with tape and incubate for two months. Examine once a week with Jow power 
microscope lens. Prepare smears and stain for acid-fast bacilli if suspicious colonies 
develop. 

Detection of Tubercle Bacilli by Animal Inoculation. — 1. Morning sputum 
is preferred and inoculated at once or after washing with sterile saline solution. 
If not fresh and if many other bacteria are present, it may be treated with an equal 
volume of 6% sulphuric acid and neutralized with about an equal volume of 5$o 
sodium hydroxide to avoid septic infection of the animals. If urine is to be 
examined, collect sediment from 100 c-c. Feces should he digested in the same 
manner a3 sputum. 

2. Weigh 2 guinea-pigs and note their weights. Also note their color or otherwise 
mark them for further identification. 

3. Inoculate each pig subcutaneously with the sediment from 50 c.c. of urine, a 
bean-sized portion of sputum (about 0.5 gm.) or the washed sediment of feces after 
treatment with Bodium hydroxide and oxalic acid as described above. Do not inject 
into the mammary glands. 

4. Bloch recommends damaging the inguinal lymph glands by squeezing between 
the finger, and injection of the material into these damaged glands (of questionable 
value). 

5. Examine the animals each week for symptoms of tuberculosis. Weigh them 
and examine site of Inoculation for tubercle or tulierculous ulceration; also super* 
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ficiai lymph glands or enlargements. If the subcutaneous glands are enlaiged. 
obtain pus and examine by smears for acid-fast bacilli since saprophytes are 
destroyed in a few uecks while tubercle bacilli multiply, 

6, If the animals show physical signs of tuberculosis at the end of two weeks, 
one may be killed and the presence of tuberculosis confirmed, in which case the 
other animal may be destroyed and examined. If necropsy of first animal fails to 
reveal tuberculosis, allow the other to live for 4 to 6 weeks, then destroy, examine 
and report positive or negative findings. Or at the end of two weeks inject one of 
the animals intracutaneously with 0.1 c.e. of a 5 r /o solution of old tuberculin. If no 
reaction has supervened within forty-eight hours the test should he repeated two 
weeks later. 

7. Should neither pig show any signs of tuberculosis, one should he allowed to 
live 4 to 6 weeks before destroying and the other for a longer period up to at least 
3 months. It sometimes happens that specimens of urine contain organisms other 
than tubercle bacilli in large numbers which cause the death of the inoculated 
animals in a few days and require a repetition of the test. 

■ 8. Enlarged glands or tissue from other organs Gpleen I may he examined for 
tubercle bacilli by making smears and staining. If acid-fast bacilli are not found, 
the tissues should he examined histologically for tuberculosis before a negative 
report is warranted. Smears made from the site of inoculation are especially 
important. 

9. Never base a negative report alone on the absence of enlarged external glands: 
the internal glands and spleen require examination. 

10. Guinea-pigs kept in cages in a room free from tuberculous animals and cared 
for by healthy caretakers rarely develop spontaneous tuberculosis. 

11. While cultuial methods are equally valuable, the guinea-pig inoculalion test 
when properly conducted is an excellent method for proving the presence of virulent 
tubercle bacilli immaterial that is either known or suspected of containing acid- 
fast bacilli. 

METHODS FOR THE IDENTIFICATION OF B, SMEGMATIS 

1. This organism's nonpathogcnic saprophyte which may occur in the smegma 
about the genitalia of both sexes and since it is also acid-fast, may be encountered in 
urine and thus mistaken for B. tuberculosis. 

2. It is similar in morphology' to the tubercle bacillus but more pleomorphic, 
sometimes occurring in short comma forms and occasionally as spirals. 

3. It is at times cultivated with great difficulty, the media requiring enrichment 

with serum or hydrocele fluid. « 

4. For differentiation from the tubercle bacillus, sineais should be stained by 
the Pappenhelm method. According to Cole, smegma bacilla inav resist decoloriza- 
tion for 4 hours at most, while tubeicle bacilli will letain the stain foi as long as 

, 24 hours, although this differentiation is not absolutely dependable. 

5. The final and more conclusive test for differentiation is by guinea-pig inocula- 
lion since B. smegmatis is nonpathogenic; or by the cultural method with 6% 
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sulphuric or 5 Jo oxalic acid which destroy saprophytic acid-fast bacilli but not 

tubercle bacilli. 

6. While in the great majority of instances acid-fast bacilli in urine are tubercle 
bacilli, yet smears stained by the Pappenhcim method should be used and all 
specimens showing acid-fast bacilli subjected to the inoculation lest, 

METHODS FOP. THE DETECTION OF B. LEPRAE 

1. Leprosy is caused by B. leprae [Mycobacterium leprae) and is detected by the 
examination of smears or sections of nodules stained by acid-fast technic. Neither 
cultures nor animal inoculation are of any aid in laboratory diagnosis. 

2. Since the initial lesion is often nn ulcer of the mucosa of the nose, prepare 
smears and stain by the method of Ziehl -Neel sen. If desirable, the patient may he 
given 60 grains of potassium iodide beforehand to produce coryza and increase the 
nasal secretions. 

3. Prepare smears of a shin lesion with a safely razor blade or scalpel and stain 
by method of Ziehl-Neclsen. 

4. If possible remove a portion of lesion by biopsy aud place in 4 r /o formalin, 
Prepare paraffin sections and stain for acid-fast bacilli. 

5. B. Leprae are acid-fast (Plate IX) and gram-positive. They are rather 
long, slender and usually straight with pointed ends. Decolorization should not be 
carried too far as they are more easily decolorized than*#, tuberculosis. 

6. In nasal smears the bacilli are apfto be packed in cells (lepra cells) while 
in sections of nodules they are found chiefly in the skin, pocked in characteristic 
lepra cells (loam cells) and in the endothelium lining the lymphatics. 

?. Lepra bacilli arc rarely demonstrable in the anaesthetic type of nerve leprosy. 

METHODS FOR THE IDENTIFICATION OF BACTERIUM COLI 

1. Bacterium coli ( Escherichia colt) is a normal inhabitant of the intestinal trait 
of man and all vertebrates. At !ca«t ]5 species have been identified in fcccs and 
soil, some of which have been found in milk and cheese. Only 2 are of special 
interest in human beings, namely, B. coli communis and B. coli communior. 

2. So many occur in the feces that there is no difficulty in isolation although 
identification requires special methods for differentiation from other gram-negatiic, 
motile bacilli of similar morphology. 

3. The material usually submitted for examination for D. coli comprise the fol- 
lowing: (a) Urine from cases of cyst is and pyelitis; (b) bile from cases of suspected 
biliary tract disease; (c) peritoneal exudates in peritonitis; (rf) pws from wounds, 
abscesses, the prostrate gland and fistulae, especially in the region of the rectum, 
urethra and kidneys; (e) blood cultures in suspected septicemia and, (/) occa- 
sionally cerebrospinal fluid in suspected meningitis. The bacteriological examina- 
tion of water includes tests for B. coli from the standpoint of possible fecal 
contamination; special methods are employed as described in Chapter XXIV. 

4. The bacterium grows readily in ordinary media so that cultures of urine, bile, 
peritoneal exudates aud pus of other sources, blood cultures, etc., on plain or blood 
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agar produce circular, raised, low convex, smooth, white to yellowish, finely 
granular, moist, butler} colonics which are not adheicnt. easily emulsified and with 
entire or undulating edges. It is better, however, to prepare Surface streak plates, 
on the Endo medium on which the colonies of B. coli are pink to red with a 
metallic sheen. Or the material may be streaked on plates of eosin methylene-blue 
agar on which B. coli produces large discrete colonies with large, dark, almost black 
centers, with a greenish metallic sheen. The use of either of these special media 
immediately facilitates the identification of the organism. 

5. Direct smears of such materials and of colonies stained by the Gram method 



Fig. 263. — Bacillus Coli Communis (Zinsser) 


show short, gram-negative rods (Fig. 263) with no spores and no capsules. Their 
morphology^ however, is not characteristic so that it is impossible to identify and 
differentiate B. coli from other bacilli of the typhoid-colon group by morphology 
alone. B. coli is motile. 

6. Transplant suspicious colonies to the slopes and butts of tubes of Russell’s 
double sugar agar. After incubation at 37 s5 C. for 2-1 to 48 hours, B. coli produces 
acid on the slopes with acid and gas in the butts. 

7. For final identification inoculate litmus milk in which B. coli produces acid; 
peptone water in which indole is produced and fermentation lubes of dextrose and 
saccharose broths. B. coli communis produces acid and gas in dextrose w'hile B. coli 
communior produces acid and gas in both dextrose and saccharose. B. coli gives a 
negative Voges-Proskauer reaction. 
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METHODS TOE THE IDENTIFICATION OF B. PROTEUS-VUEOARIS 

1. B. protcus-vulgaris Is commonly found in putrefying animal and vegetable 
materials as well as in the soil and feces. Its primary palliegonicity is slight but it 
may be a source of important secondary infection in gunshot and other rounds, 
cystitis, pyelitis and of other mucous membranes as veil as possibly producing a 
type of food poisoning. 

2. Materials submitted for its examination ore usually feces, urine and pus which 
may be plated in the same manner os described lor the typhoid bacillus. 

3. The organism occurs as a straight or slightly curved rod with rounded ends 
varying greatly in size and shape, singly, in pairs or in chains. 

4. Most strains are actively motile; all are noncapsulated, nonsporulating and 
gram-negative. 

5. It grows rapidly on plain agar at 37® C. with the production of thin, bluish- 
gray colonies that spread rapidly over the entire plate designated by Weil and Felix 
os H (“Hauch” = film) colonies. Nonmotile variants grow in denser, round colonies 
designated as 0 (“Ohnc Hauch*’ = without film). Similar colonies occur in blood 
agar with zones of brownish hemolysis. On cosin-methylenc blue agar the colonies 
are similar with less tendency to spreading. 

6. Pjck off suspicious colonics and transplant to slants of plain or blood agar 
for further identification. 

7. The organism digests Ldfller’s blood serum and gelatin. All strains produce 
acid and gas in dextrose, galactose and sucrose (may be lost by old strains) and 
most in salicin and maltose. None ferment lactose, mannitol or mannose. Litmus 
milk is first rendered slightly acid and then markedly alkaline. Indole is produced 
by some strains. The Voges-Proskauer test is negative. 

8. Cultures of the XI9 strain are used in the Weil-Telix agglutination test for 
typhus fever. It should be of the nonmotile or 0 dissociative type. 

METHODS FOR THE IDENTIFICATION OF B. TYPHOSUS 

1. The materials usually examined for B. typhosus ( Eberthella typhosus) ore 
(1) blood cultures; (2) urine; (3) feces; (4) bile and (5) occasionally pos, 
cerebrospinal fluid, etc. 

2. The organism occurs as rods of varying length (Fig. 264), usually singly but 
vu7f<t\Vmts> it, ynors wtiA •Quati t-ViiiYTa^ -rit/nypiyrti'iVnTig; Tiunencapsu’uftei and ’rrigYiVy 
motile. In broth cultures incubated at room temperature the bacilli are usually long 
and slender. But it is impossible to identify B . typhosus by morphology alone. It 
stains readily and is gram-negative. 

3. The colonies of freshly isolated fl. typhosus on plain or blood agar are usually 
round with moderate domes, grayish, transparent to opaque, with entire edges. On 
special media the colonies vary according to the medium employed. 

Blood Cultures. — 1. These may be prepared in nutrient broth, Kracke medium 
or bile broth. 

2. Incubate at 37° C. and examine daily. Prepare smears stained by the Gram 
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method and transfer to plates of eosin-methylene blue agar by the surface streak 
method. 

3. Colonies of B. typhosus are translucent, colorless or pinkish. 

4. Prepare smeais and stain by the Gram method. If gram-negative bacilli are 
present inoculate the butt and slant 
of Russell’s double sugar agar and 
incubate for identification as de- 
scribed later. 

5. If there is no growth within 10 
days the eultuie may be reported 
sterile. Positive cultuies usually show 
the organisms within 3 days. 

Urine Cultures. — 1. It is always 
advisable to collect urine aseptically 
by catheterization and if B. typhosus 
is present it is usually to be found in 
pure culture. Urine collected in the 
ordinary way is almost sure to show 
B. coli, staphylococci and other or- 
ganisms. 

2. With a sterile pipet transfer 2 

to 5 c.c. to a flask of nutrient broth. Fig. 264 — Ba circus Typhosus 

Also inoculate the surface of an From twenty-four-hour culture on agar, eliow- 
eosin-methylene blue plate with 1 or ing regularity of forms. 

2 c.c. 

3. Incubate for 48 to 72 hours. If there is no giowlh in this period the specimen 
may be reported as sterile. 

4. If a growth appears examine smeais stained by the Gram method. On the 
eosin methylene-blue medium colonies of B. typhosus are translucent, colorless or 
pinkish. Subcultuie on slants of Russell’s double sugar agar and conduct further 
tests fot identification as described later. 

5. Another excellent method recommended by Leif son and particularly useful if 
the urine is likely to be contaminated with B. coli and other organisms is as follows: 

To 10 c.c. of urine in a sterile test tube add the contents of one capsule (0.23 
grams) of selemite-F enrichment medium (Baltimore Biological Laboratory) and 
incubate for 24 hours. The selemite inhibits the growth of B. coli during this interval 
but allows typhoid bacilli to piolifcrale. 

Incubate for 18 to 24 boms and then streak a loopful on a plate of desoxycholate- 
citrate agar and 2 loopsful on a second plate. Incubate 24 hours. Colonies of typhoid 
bacilli are fairly laige. translucent and bluish with slightly granular structure. 
B. coli is considerably inhibited but if colonies develop, they occur large and of 
even red coloi. 

Bile Cultures. — 1. Bile may be aspirated from the gallbladder or collected by 
the piethod of Lyon as described in Chapter IX. 
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2. With a sterile pipet transfer 1 to 3 c.c. to a flask of nutrient broth and incubate 
at 37® C. 

3. Examine daily and if there is no growth over n period of 5 to 7 days the 
specimen may be reported as sterile. 

4. If a growth appears examine smears stained by the method of Gram. Also 
inoculate plale3 of eosin-methylenc blue agar and tubes of Russell’s double sugar 
agar. For the latter use a long platinum needle, which is first plunged into the 
butt of the medium and then lightly drawn o\er the surface of the slant. Conduct 
further tests for identification as described later. 

Methods for the Isolation of B. Typhosus from Feces. — 1. Various special 
media are employed to inhibit the growth of fecal organisms and especially D. coli 
while permitting B. typhosus to survive and proliferate in more or less character- 
istic colonies. The feces should he fresh, as standing for as long as 12 hours may 
diminish posithe findings by 50 per cent. 

2. One of the best of these is the bismuth sulphite agar of Wilson and Blair. 
The medium does not keep well in plates even in the refrigerator and poured plates 
should not I* more than 3 or 4 days old when u«cd. 

As this medium inhibits the growth of most strains of B. coli it is possible and 
advisable to inoculate plates with relatively large amounts of feces. 

Streak a large plate with 3 or 4 loops of feces being careful not to tear the 
surface. Dilute a loopful in about 1 c.c. of sterile water and spread over a second 
plate. The heavily inoculated plate should show typical colonies from feces con- 
taining relathely few typhoid bacilli while the second plate should show discrete 
characteristic colonies. 

Incubate 24 to 48 hours. The typical colonies of B. typhosus are rather small, 
dry, flat and very black with a metallic luster. They are surrounded by blackish 
smoky halos although these may not he present if the colonies are close together 
in which case small, light, green colonies are present similar to those of B. para - 
typhosus A ( Salmonella parol) phi ) . Colonies of B. paratyphosus B ( Salmonella 
scholtmulleri) and occasional sulphite reducing strains of B. coli are essentially 
similar to those of B. typhosus. 

Pick off suspicious colonies and transfer to tubes of Russell's double sugar agar 
for further identification as described later. The inoculation should be made with a 
long platinum needle, which is first plunged into the butt of the tuedium and then 
lightly drawn over the surface of the slant. 

Another excellent method recommended by Leifson consists in thoroughly 
emulsifying one part of feces in 5 parts of selemite F enrichment medium in test 
tubes. Or prepare a similar emulsion in distilled water and add 1 capsule (0.23 
gram) of the medium (Baltimore Biological Laboratory). Incubate 18 to 21 hours 
and streak 1 loopful on a plate of desoxycbolate-citrate agar and 2 loopsful on a 
second. Incubate 21 hours and study' the colonics: 

B. typhosus: large, translucent, granular, bluish 
B. coli: inhibited or large red colonies 
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{ e ) Examine microscopically in about 15 minutes. Strong agglutination is pre- 
sumptive evidence of a colony l*ing typhoid bacilli. 

(/) Or place drop of diluted serum on a plain slide and emulsify in each a vex) 
small amount of the colonies to be tested. Tilt the slide back and forth for a few 
seconds over a black background. Agglutination is readily detected by the develop- 
ment of a granular appearance. 

If a lest tube method is preferred It may be conducted as follows: 

(а) Arrange 6 small lest lubes and place 1 c.c. of distilled water in each. 

(б) To No. 1 odd I c.c. of a 1:25 dilution of typhoid-immune scrum and mix 
well. 

(c) Transfer 1 c.c. to No. 2; mix well and transfer 1 c.c. from No. 2 to No. 3 
and so on to No. 5, from which 1 c.c. is discarded. The dilutions arc 1 :5fl, 1 :IQ0> 
1 .200, 1 :400 and 1 :800. No. 6 is the control. 

id) To each tube add 1 c.c. of a heavy broth culture of the organism which gives 
final dilutions ol 1 :100 to 1 :1GOO. 

(e) If the organism is on a solid medium it may lie washed off and emulsified 
in saline solution to give a suspension of approximately 2,000,000.000 per c.c. and 
used instead of a broth culture. Or the growth may be removed from an agar slant 

•with a platinum loop and emulsified direct in the scrum dilution; this, however, 
gives final dilutions of 1:50 to 1:800. 

(f) Mix well and place in a water bath at 50° to 55° C. for 2 hours and then in 
a refrigerator overnight when the readings ore made. 

When agglutination tests are indefinite or if cross-agglutination occurs, it is pos- 
sible to identify the organism by absorption tests conducted as follows: 

1. Inoculate pint Blake bottles of agar with each culture to be used. 

2. After 18 to 24 hours suspend each growth in from 5 to 10 c.c. of saline 
solution. 

3. Centrilugalize each at high speed for 30 to 60 minutes. 

4. Remove the supernatant fluids and add 5 to 10 c.c. of 1:50 typhoid or other 
immune scrum to each sediment. 

5. Mix well and place in a water bath at 45° C. for three hours, shaking 
occasionally, and then in the refrigerator overnight. 

6. Centrifugalize at high speed for 30 to 60 minutes. 

7. Prepare dilutions of 1:100, 1:200, 1:400, 1:800, and 1:1600 of each super- 
natant fluid and pVace 0.5 c.c. of each in small test tubes. In tube No. 6 place 
0.5 c.c. of saline solution for control. 

8. Add 0.5 c.c. of a heavy broth culture or saline suspension of one of the 
cultures of each tube. 

9. Set up duplicate tests with the second or remaining cultures to be tested. 

10. Mix well and place in a water bath at 37“ C- lor 2 hours and in the re- 
frigerator overnight when the readings are made. 

11. If a typhoid serum is employed, the cultures completely absorbing the 
agglutinin (negative reactions) are of typhoid bacilli. 
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METHODS FOR THE IDENTIFICATION OF PARATYPHOID BACILLI 

1. Materials submitted for examination for B. paratyphosus A ( Salmonella 
paratyphi ) and B. paratyphosus B ( Salmonella schotlmulleri) are usually feces, 
urine, blood and bile. 

2. The methods of examination are exactly the same as described for the isolation 
and identification of the typhoid bacillus. 

3. The paratyphoid bacilli are gram-negative, motile and very similar morpho- 
logically to the typhoid bacillus. 

4. On plates of bismuth sulphite agar the colonies of B. paratyphosus A are 
clear and dry or medium-sized and light green with darker centers. Colonies of 
B. paratyphosus B are large and blackish or moist, grayish-brown and confluent. 
On the Endo medium the colonies of both are like those of B. typhosus, being 
bluish-white or colorless. 

5. On Russell’s double sugar agar both of the paratyphoid bacilli produce acid 
with a small amount of gas in the butt but no change (.alkaline) on the slants. 

6. Both pioduce acid and gas in fermentation tubes of dextrose and mannite 
broth. Neither ferments lactose. B. paratyphosus A does not ferment xylose while 
B. paratyphosus B. produces acid and gas. 

7. B. paratyphosus A does not blacken lead acetate agar by the production of 
H = S while B. paratyphosus B does so. 

8. B. paratyphosus A produces a persistent slight acidity of milk while B. para- 
typhosus B renders milk strongly alkaline after an initial production of acid. 

9. Final identification requires the aid of agglutination and agglutinin absorp- 
tion tests with the respective immune sera as described above for the identification 
of the typhoid bacillus. Nearly all strains of B. paratyphosus A are agglutinated by 
antiserum produced by the immunization of an animal with one stiain. 

METHODS FOR THE IDENTIFICATION OF B. DYSBNTERIAE 

1. Bacillary dysentery is caused by Shiga’s B. dysenleriae (Shigella dysenteriae) 
or by the paradysentery bacilli listed below. 

2. As the organisms do not produce septicemia, blood cultures are not employed. 
The material submitted for examination should be fresh fecal discharges and 
preferably the blood-stained mucopurulent portions. 

3. Callender stales that a presumptive diagnosis can be usually' made by the 
microscopic examination of stained and unstained coverglass preparations of very 
fresh material for a study of the cells. Blood is present in varying amounts. 
Polymorphonuclear neutrophils form about 90% of the exudate, many showing 
nuclear degeneration (ringing) with fat in the cytoplasm. Endothelial macrophages 
are found containing erythrocytes and leukocytes. They undergo toxic degeneration 
and form “ghost cells.” Plasma cells are abundant early in the disease. 

4. The dysentery bacilli occur as rods or coccobacilli and usually' singly. Thfey 
are nonmotile, noncapsulated and nonsporulaling. They stain readily and are gram- 
negative. Since their morphology and staining are not characteristic, the examina- 
tion of smears of material possess no diagnostic value. 



494 BACTERIOLOGICAL METHODS 

5. Prepare surface streak plates of eosin-methylcnc blue agar using flecks of 
blood-stained mucopurulent material. Incubate at 37° C. for 2t hours. Colonics of 
D. dysenteriae (Shiga) are small, round, translucent, pinkish or cotorle«s. Do not 
use bismuth sulphite agar as this medium inhibits their growth. Endo medium ma) 
be used but since dysentery bacilli do not ferment lactose the colonics nre colorless 
and this medium sometimes inhibits their growth. Blood .agar plates may be 
employed. 

6. Transfer suspicious colonies of gram-negative bacilli to slants of blood agar. 
Incubate 24 hours and examine for motility and by gram stain. 

7. For identification inoculate peptone water for indole production, litmus milk 
and fermentation lubes of dextrose, mannilc, Iarto«e and dulcile for acid (gas not 
produced). The differential characteristics of the important members of the group 
are shown in Table III. 


TAIILE Vt 


B dyunltn at (ShiRa) . ... 

ft. amf/mmu (Schmitz) 

B parndys. (Pernor) 

B /maths. ("y“; Hiw-ParV) 

B paratlys. (Strong) 

B. alcalesceru . . 

B. dispar (Sonne) 



8. B. dysenleriae (Shiga) and the other members of the group produce slight 
acidity in litmus milk followed by neutrality or slight alkalinity except in the 
case of B. alealescens, where the medium becomes very alkaline. 

9. Final identification usually requires agglutination tests with known anti- 
dysentery serum. The technic is the same as described under the typhoid bacillu''. 
Polyvalent serum may be employed or monovalent sera for the respective types. 
The dilutions to employ depend upon the titers of the sera. 

METHODS TOR THE IDENTIFICATION OF OTHER GRAM-NEGATIVE 
NON9PORULATING INTESTINAL BACILLI 

1. B. enterithiis \SnhnoneUa enleriliiiis ) is sometimes responsible tor food 
poisoning and gasUo-enteritis. 

2. B. morgani ( Salmonella morganii) is of doubtful pathogenicity but has been 
found in the diarrheal stools of infants and in the feces of patients with “asylum 
dysentery.” 

3. B. suipestifer (Salmonella suipestifer) may produce food poisoning and has 
also produced other conditions such as septicemia, o'Heomyelitis, endocarditis and 
pericarditis. 

4. B. aertrycle ( Salmonella aerlrycke) is pathogenic for rodents but when in- 
gested by man may produce acute gastro-entcritis. 
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5. B. jaccalis alcaligenes and B. laclis aerogenes arc not pathogenic but of 
interest and importance from the standpoint of being mistaken for pathogens. 

6. All occur as gram-negative rods which cannot be differentiated from other 
members of the colon-typhoid-paratyphoid-dysentery bacilli by morphological 
characteristics. 

7. All grow readily on plates of eosin-melhylene blue agar, blood agar and the 
Endo medium and methods for the isolation of B. enteritidis, B. morgani (No. 1) 
and B. suipestijer are the same" as employed for the isolation of the dysentery and 
paiadysenteiy bacilli. 

8. Identification depends upon the lesults of sugar fei mentation tests, whether 
or not indole is piodueed, behavior in lead acetate agar, motility and the Voges- 
Proskauer reaction. The characteristic reactions are shown in Table IV along with 
those produced by the more important pathogens. 
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fg, ---= find nnd g is, A = arid, no gua, + = positive, — «= negative .X not needed for identilii ution 


9. Final identification may require agglutination reactions. Tests conducted by a 
lest tube method as described for the identification of the typhoid bacillus are 
advised. Immune sera are available for B. enteritidis and B. aertrycke. Agglutinin 
absorption tests may be required. 
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• bacteriological methods 


METHODS FOR THE IDENTIFICATION OF THE CHOLERA VIBRIO 

1. The cholera vibrio ( Vibrio comma ) occurs in the stools of patients with 
Asiatic cholera and carrier*; also sometimes in the \omUiw of tilts disease as veil 
as in contaminated water, mill or oilier foods. 

2. The “rice water” stools are preferred; do not add glycerin as a preservative. 
The feces of suspected carriers may be used or swabbings may be taken from 
the rectum. 

3. The organism occuts as slightly curved rods with rounded ends, often re- 
sembling a comma (Pig. 265). They 
occur singly, in S pairs, short chains 
or spiral*. In old cultures they may 
be small, granular and stain poorly. 
Involution forms arc frerjuent. 

4. They arc very actively motile, 
noncapsulated and nonsporulating. 

5. They stain best with carbolfuch- 
sin and arc gram-negative. 

f>. On plain agar, blood agar or 
Dieudonnes alkaline blood agar, the 
colonies are round, low convex, trans- 
lucent, finely granular (“heaped 
gla«s”), buttery and grayish-yellow 
with entire edges and surrounded by 
a 2 one of alpha or beta hemolysis. 

7. It rapidly produces indole and 
reduces nitrates (cholera ted re- 
action), liquefies gelatin, grows abun- 
dantly in broth with a thick pellicle being strongly aerobic, reduces nitrates, gives 
a negative Vosgcs-Proskauer reaction and produces acid but no gas in dextrose, 
levulose, galactose, maltose, mannitol and sucrose. In litmus milk it produces 
alkali at the top and acid at the bottom with no coagulation hut slow' pep- 
tonization. 

8. Prepare smears of flakes of mucus from a stool and stain by Gram and with 
carholfuchsin. If a large number of typical gram-negative, comma-shaped organisms 
are present, examine a hanging drop preparation. If typical, actively motile vibrios 
•are present, a tentative diagnosis may be made. These procedures are of value in 

the examination of carriers: 

9. Inoculate 2 lubes of alkaline peptone water and prepare plates of Dteudonne*3 
blood agar. Incubate at 37° C. 

20. At the end of 8 to 16 hours examine a hanging drop of a peptone water 
culture and also prepare a smear stained by the Gram method. To 1 tube add 3 
to 5 drops of concentrated sulphurie acid as the cholera vibrio gives a pink 
reaction (cholera red reaction). 



Fic. 265.— CiioLtaA Srminuai 
(After TVnnkel anti Pfeiffer.) 



DIAGNOSTIC BACTERIOLOGIC METHODS 49? 

11. With the second tube or with suspicious colonies conduct agglutination tests 
as follows: 

(a) Deposit near one end of a slide a drop of agglutinating serum of a dilution 
of 1:200 .(titer not less than 1:4000) and near the other end a drop of saline. 

*Now touch the suspected colony with the point of the inoculating needle, rub up 
in the drop of saline solution, then flame the point and again touch the colony 
with the point and rub up in the drop of serum solution. Evidence of agglutination 
will almost instantly he apparent in the latter (if cholera). The drops may be 
allowed to dry and may be fixed and stained. If agglutination has taken place, 
it will he evident in the stained specimen to the naked eye, or on slight mag- 
nification with the hand lens. 

( b ) If clumping does not occur, test at least 10 (and preferably 20 or 25) 
such colonies, and examine the pieparation, after standing, with the microscope 
for vibrios. 

(c) If evidence of agglutination on the slide is obtained, or in the event that 
no agglutination takes place but that the stained preparation . shows a vibrio, the 
colony must be fished and a plain agar slant inoculated for further study. 

(d) The crucial test of the specificity, of a vibrio is the agglutination test with 
a serum of high titer. 

After incubaLing the agar slants inoculated with the suspicious colony, or 
preferably two colonies, for 16 to 24 hours, sufficient culture is on hand for an 
accurate macroscopic agglutination test in a graded series of serum dilutions. 

To be cholera it must agglutinate in a dilution of at least 1: 1000 (with a serum 
having a tiler of at least 1 : 4000] within two hours at 37° C. 

If a vibrio is isolated that fails to do this, repeated daily subculture on agar 
must be made and its agglutinability tested, for obseivations are on record showing 
that occasionally (though rarely) a freshly isolated vibrio may show little or no 
agglutinability but gain it after a series of subcultures. 

If no suspicious colonies are found on the plates, make plates from the sub- 
cultures which are now 14 hours old. This series of plates is examined, after 
incubating at least 14 hours, in a manner precisely like that prescribed for the 
original set. 

If under these circumstances no suspicious colonies should be found, the ex- 
amination must be regarded as negative. 

In this case the procedure will have extended over a period of about 36 hours. 

Animal Inoculation Test for the Cholera Vibrio. — Emulsify a loopful of 
culture from an agar slant in 1 c.c. of broth, and inject a guinea-pig intraperi- 
loneally. A fatal peritonitis usually follows within 24 hours. 

The Pfeiffer Bacteriolysis Test. — 1. To 1 c.c. of 1:1 000 high-titer cholera 
antiserum in broth add a loopful of 13- to 24-liour agar culture and emulsify. 

2. Inject into a guinea-pig intraperitoneally. 

3. Inject a second animal with a similar emulsion in 1 c.c. of 1:100 normal 
seium. 

4. At intervals of 5. 20, 40 and 60 minutes remove peritoneal exudate with 
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sharp capillary pipcls from each animal and exnmine microscopically as hanging 
drop preparations followed by smears stained with carbolfuchsin. 

5. A positive reaction is indicated by the vibrios losing motility, swelling and 
undergoing granular degeneration in the pig inoculated with antiserum. 

Method for the Examination of Water for the Cholera Vibrio. — 1. Place* 
100 c.c. in a sterile flask and add 10 c.c. of a sterile 10^> solution of peptone in 
water. 

2. Incubate at 37* for 12 hours. Transfer a portion of the surface growth to 
tubes of alkaline peptone water and prepare plates of plain or Dicudonne’s blood 
agar. 

3. If suspicious colonies develop identify by methods described abo>c. 

METHODS FOR THE IDENTIFICATION OF LACTOBACILLUS ACIDOPHILUS 

1. The Lactobacillus acidophilus occurs in the mouth and fetes and is believed 
to be an important factor in the production of dental caries. 

2. Materials submitted for examination arc usually the feecs of individuals taking 
acidophilus milk and cultures of necrotic teeth. 

3. The organism occurs as gram-positive rods, single or in chains arid occa- 
sionally filamentous. 

4. Colonics on tomato juice peptone agar or casein digest agar, arc usually 
large and rough or woolly but may be smooth and round. 

5. Litmus milk is coagulated and acidified. 

6. Maltose, sucrose, lactose and rafliitose are almost always fermented; mannitol 
rarely and salic'm by about one-half of the cultures. 

METHODS FOR THE LABORATORY DIAONOSIS or HEMORRHAGIC 
SEPTICEMIA OF THE LOWER ANIMALS 

1. Pasleurella boviseplica [bollingeri) causes hemorrhagic septicemia in cattle; 
Pasleurella equiseptica in horses; Pasleurella suilla in hogs; Pasleurella ovise plica 
in sheep and Pasleurella avicida in fowls (fowl cholera). 

2. Blood cultures, blood smears on slides, tissues and exudates of edematous 
swellings, lymphatic glands, spleen and other organs should he examined. 

3. Prepare smears and stain with carbolfuchsin. Use Wright’s stain for smears 
of blood, spleen and kidneys. 

4. Prepare cultures on plates of blood agar; also on eosin-melhylene blue agar 
for B, colt which at times are present and apparently pathogenic. 

5. Incubate at 37° C. for 48 hours and examine; prepare smear and stain by 
Gram method and methylene blue. 

0. The organisms occur as small ovoid rods, rounded ends, occurring singly, in 
pairs or in small bundles. 

7. They are nonmotile; noncapsulated in cultures; nonsporulating; gram-nega- 
tive and bipolar. 

8. The colonies are small, round, amorphous, translucent, grayish-yellow to 
bluish and buttery with no hemolysis but browned. 
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9. Agglutination tests with specific sera may be employed according to titer 
although group reactions occur. 

10. Inject 1 c.c. of broth culture or tissue emulsion into rabbits intravenously 
or mice intraperitoneally. If material is grossly contaminated inject subcutaneously. 
Dealli usually occurs within 1 to 4 days with slightly swollen spleen, petechial 
hemorrhages of the serous membranes and Iaryngotracheitis. Prepare cultures of 
heart blood, spleen, kidneys, peritoneal fluid and lymphatic glands. 

METHODS FOR THE IDENTIFICATION OF THE BACILLUS OF 
SYMPTOMATIC ANTHRAX (BLACKLEG) 

1. The bacillus of symptomatic anthrax ( Clostridium chauvaei) is pathogenic 
for cattle, sheep and goats but the disease is usually confined to cattle and is known 
as “blackleg.” 

2. Piepare smears of the exudates 
and stain by the Gram method. 

3. Prepare cultures on dextrose 
blood agar plates and in liver broth. 

Cultivate anaerobically as the oigan- 
ism is strictly anaerobic. The colo- 
nies are circular with a slightly 
granular compact center, from which 
a thinner peripheral zone emanates 
made up of a tangle of fine threads. 

4. The bacillus is a large, motile, 
sporulating rod with rounded ends 
(Fig. 266). The spores may he lo- 
cated either near the end or centrally 
and those showing end spores are 
spoon-shaped. When freshly isolated 
from tissue (in contradistinction to 
anthrax) the organisms show the 
presence of spores. 

5. The organism feiments dextrose, maltose, lactose and saccharose with the 
production of acid and gas. Mannite and salicin are not fermented. Indole is not 
produced. 

6. Inject the hind leg of a guinea-pig with I c.c. of culture or an extract of 
tissue. Death usually occurs in 18 to 36 hours until emphysematous gangrene, 
giving off an odor like that of butyric acid. Examine stained smears for the sporu- 
lating bacilli. 

METHODS FOR THE LABORATORY DIAGNOSIS OF NECROBACILLOSIS 

1. Actinomyces necrophorus produces a variety of conditions collectively re- 
ferred to as “necrobacillosis” including foot rot, necrotic stomatitis of swine, calf 
diphtheria, liver abscesses in cattle, sheep and hogs, gangrenous dermatitis and 



Fic. 266. — Bacillus of Symptomatic Anthrax 
(After Zetlnow.) 
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secondarily in llie intestinal ulcers of liog cholera and in canker of the foot in 
the horse. A few human infections have occurred with the production of localised 
vesicular and gangrenous dermatitis and possible puerperal infections. 

2. The organism is a strict anaerobe and very difficult to cultivate. If smears of 
necrotic material show numerous slender, gram-negative beaded filaments meas- 



Fic. 267.— Acmovvvcts Necbowiorus 
(Courtesy ot Dr. Frederick W. Show) 


uring 100 microns or more in length which fail to grow aerobically, tfie diagnosis 
is usually justified {Fig, 2G7). 

3. Inject a rabbit subcutaneously in the median' abdominal line with finely 
divided tissue and pus. A local necrosis is produced from which the organism may 
be recovered in large numbers. 

METHODS rO£ THE BACTERIOLOGICAL DIAGNOSIS OF ERYSIPELOID 
OT MAN AND SWINE ERYSIPELAS 

1* Erysipeloid (Uosenbach) of man and “swine erysipelas” are caused by 
Erysipelothrix rhusiopathiae (Kill). 

2. Veterinarians arc sometimes infected by handling diseased swine and in the 
United States the disea a e is common among handlers of fish (Klauder and 
Harkins) . 

3» In human beings the acute septicemic type is rare; infection usually occurs 
about the fingers and is variously regarded as “fish poisoning” or a pyogenic skin 
infection. Polyarthritis may occur (Klauder). 
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4. Excise pieces of sldn about 3 millimeLers square from infected areas; grind 
in a sterile mortar and inoculate tubes of hormone bioth as the organism grows 
on ordinary media. Incubate aerobically at 37° C. 

5. The organism occuis as-a small, slender, gram-positive rod; singly and in 
chains: sometimes branching: often granular; nonmotile; noncapsulated; non- 
sporulating. Old cultures are thread-like. 

6. On agar the colonies aie small, eoloiless, translucent, moist and homogeneous. 
Poor growth in broth. Hemolysis on blood agar plates. Fetments dextrose and 
lactose. 

7. Inoculate mice inlraperitoneally or pigeons intramuscularly with 0.2 c.c. of 
2 to 4 day cultures; usually fatal and puie cultures may be obtaihed from the 
blood of tile heait by plating on blood agar. 

8. Conduct agglutination and complement-fixation tests with* swine immune 
serum. Immune serum also gives a precipitin reaction with filtrates of broth 
cultures and according to Ascoli, also with extracts of infected tissues. 

METHODS OF EXAMINATION IN BACTERIAL FOOD POISONING AND FOR 
THE IDENTIFICATION OF B. BOTDLINTJS 

1. Food poisoning may be caused by the ingestion of various bacteria or their 
products but it is frequently difficult and sometimes impossible to determine the 
exact cause of outbreaks. 

2. This type of food poisoning should not he confused -with “ptomaine poison- 
ing” due to the ingestion of decomposed foods. 

3. While various organisms belonging to the colon, proteus, paradysentery, 
staphylococcus and streptococcus groups have been found or suspected in different 
outbreaks, only the following have been definitely incriminated: (a) Bacillus 
enteritidis; (b) B. aerlrykc; (c) B. paratyphosus A and, B; ( d ) B. suipestifer; 
(e) B. botulinus and (/) certain staphylococci, the latter being incriminated in food 
poisoning from the eating of cream-fillers in pastries and ice cream, chicken salad, 
etc. 

4. In investigating an outbreak (a) secure leftover portions of the suspected 
food, pack in ice and examine as soon as possible; ( b ) secure specimens of 
vomitus and feces for bacteriological examination and at a later date samples 
of patient's serum for agglutination tests; '(c) try to determine the source of the 
food and secure feces for bacteriological examination and blood for agglutination 
tests from the handlers and especially cooks suspected as carriers and (d) speci- 
mens of blood, spleen, liver and intestines from fatal cases for bacteriological 
examination. 

5. Prepare smears of the foods and stain by Gram to obtain some idea of the 
predominating organisms. 

6. Prepare plates of eosin-methylene blue agar and blood agar for the possible 
detection of any of the above organisms excepting B. botulinus. Incubate for 24 
to 48 hours. Study a large number of colonies. Prepare smears and stain by Grain. 
Subculture on slants of blood agar or Russell’s double sugar agar. Staphylococci 
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and streptococci are easily recognized. Other organisms must be identified ac- 
cording to staining, motility, fermentation of carbohydrates, indole production, 
behavior in litmus milk, liquefaction of gelatin, the Voges-Proskauer reaction 
agglutination tests, etc. 

7. Teces, vomitus, etc., may be plated and examined for the above organisms 
according to methods given in this chapter for the respective organisms. 

8. For fi. botulinus (Clostridium botulinum) anaerobic cultures are required 
if this organism is suspected. Inoculate 2 tubes of Robertson’s medium; heat one 
of them at 70° C. for 20 minutes and then prepare plates of blood agar by the 
surface streak method. Incubate both tubes and tbc plates anaerobically at 35*- 
37° C. Prepare smears and stain by Gram. 

9. B. botulinus occurs as a large grain-positive rod with rounded ends, singly 
or in short chains. Spores are oval, larger than the bacilli, and usually at or near 
the ends. They form best in sugar-free media nt 20® to 25° C. 

10. The bacilli are motile and noncapsulated. 

11. On blood agar the colonies are irregularly round, umbonate, smooth centers 
with fimbriate margins and alpha type of hemolysis. 

12. In cooked brain broth there is abundant growth with gas and butyric acid 
odor; (lie brain is digested and blackened. 

13. Type A produces aetd and gas in glucose, maltose and saliem; types B and 
Cdo not ferment snlicin. Types A and B ferment glycerol; type C does not. 

14. Test the food for the toxin of B. botulinus ns follows: («) Prepare a sus- 
pension or dilution of the food {usually the juice in canned vegetables) in sterile 
saline solution and centrifuge, (i) Give each of 4 guinea-pigs about 1 c.e. by 
subcutaneous injection, (c) At the same time inject one inlrapcritoiieally with 
1 to 1.5 ex- of Type A antitoxin; a second with a like amount of Type B antitoxin 
and a third the same amounts of both the A and B antitoxins. The fourth pig is 
a control. Jf the toxin is present the results will he somewhat as follows: 


TABLE VIII 


Guinea pigs Protected with Antitoxin 

With A Toxin 

With B Toxin | 

With A and B 

Pig 1 (Type A) 

Use 


Pie 


Die 

Live 

Die 

Pig 3 (Types A and B) 

Live 


live 

Pig 4 (none) 

Die 


Die 


15. A similar test can be made with anaerobic broth cultures. 


METHODS FOE THE BACTERIOLOGICAL DIAGNOSIS OF VINCENT’S 
ANGINA AND FUSO SPIRO CHETAI GINGIVITIS 

Plaut-Vincent’s angin3 is caused by Spirochaeln vincenlii ( BorrcUa v incentii) in 
symbiosis with Bacillus fusifarmis. These organisms also produce a type of gin- 
givitis commonly called “trench mouth” as well as stomatitis and ulcerating 
lesions In other parts of the body. 
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iPlaut- Vincent’s Anginay — 1. Smears are required for diagnostic purposes as 
the. organisms are anaerobic and difficult to cultivate. These, should be made on 
. glass slides and not too. thin. Swabs accompanying cultures on Loffler’s blood serum 
for ; diphtheria bacilli may be used for preparing smears. and this is a good routine 
practice as, Plaut- Vincent’s angina may be mistaken clinically for . diphtheria. 

2. Dry in air. . . . , 

3. Fix by passing. through flame 4 times. . 

,4. Cover with carbolfuchsin diluted 1:10 with water; heat gently. and- stain for 
2 minutes.’ Stain second slide by method of Gram. 

. 5: Wash in water and dry. , ...... 

6. Examine with oil-immersion lens for fusiform bacilli and spirilla.' The 


,5—^rr-*' •'*. -y . «•*- v *5'- “ * . v 'v’t 

vVv.Js.-* v/L-.- r.-.- ■,-M 

' V 4 • _ ~ ;i -V.’' ■; • A- i • P. t4 .* ~ < c , r.'. jj 

iv.'is,'/ . "T - : w* : *'* . ft. . ~ '* v , ,r /’A 


V v Tig. 268. — Fusiform Bacilli and Spirilla of Vincent’s Angina (Zinsser) 

former ,arc gram-negative (variable), long, slightly curved with pointed ends and 
showing faintly staining granules. The latter are large, wavy spirals (Fig. 268) . 

>7. Both : organisms are also readily seen in wet preparations with high dry or 
oil-immersion objectives or by dark field examination. 

Fusospirochetal and Amebic Gingivitis. — 1 . Wet and stained preparations 
are recommended. 

. 2. The. material should be collected with care, especially from gingival pockets', 
with suitable instruments or after expression by pressure. - ■ 

3. Prepare several smears. Dry in the air. Fix with heal. Stain with 1:10 
carbolfuchsin for 2 or 3 minutes. Wash with water, dry, and examine with oil- 
immersion, lens for spirochetes ( Spirochacla microdentiurn ; Spirochaeta macro - 
dentium, etc.) . ’ ' ' 

4.. An occasional spirochete is normal. But large numbers and tangled masses . 
represent a pathological increase (spirochetic gingivitis) . - / . ^ 

. 5. -Fusiform bacilli may also be found in association with spirochetes (Spiro- 
chaela vincenlii.) constituting spirojusillar gingivitis, a form of Vincent’s angina : 
infection of the gums, or trench mouth. , - . - ;■ W 

6. A few spirocheLes and fusiform-shaped bacilli resembling B: fusi for mis are. 
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lo tie found in most mouths anti do not alone constitute evidences of infection; 
hut the presence of large numbers is regarded as pathological. 

7. Lept atrichia buccalis is frequently found in the mouth and may be mistaken 
for fusiform bacilli. They occur as long, gram-positive bacilli or filaments. They 
do not grow under ordinary aerobic conditions. 



A, trophozoite stained with Wright’s stain to show charorferistie globules (i > distributed near 
nucleus in condensed areas of cytoplasm, li, a similar form stained by the Ifeidenhain’s iron 
hemoiosylin method which fails to show the perinuclear structures. N, nuclear detail at higher 
magnification. [, ingested leukocjte fragment*, n, nucleus,/, ingested red cell fragments, r, peri- 
nuclear globules or “vacuole#.’’ (Original drawings by Uribe.) 

8. Wet preparations are especially desired for examination for Endamotlxt 
gingival is (Gros) which re*cmble E. histolytica (Fig. 252) : (Tig. 269). 

Warm a slide. Place a drop ol warm saline solution. Add a small amount of 
gingival secretion. Cover with coveiglass and examine for motile amebae with 
high dry lens and with the light well reduced. 

Spirochetes may be likewise detected in thdye preparations or by dark-field 
examination. 

An occasional ameba may be found in the absence of gingivitis. One or more 
per held, however, represents an increase and may produce gingival infection b)*' 
opening up avenues of bacterial infection. 

METHODS TOP. THE LABORATORY DIAGNOSIS OF RECtJEKENT FEVER 

1. Borrelia recur renth [Spirochaeta obermeiereri) and Borrelia novyi (Spiro- 
chaeta novyi) may be found in blood films lived with methyl alcohol and stained 
with diluted tarboHuehsin or after staining with Jenners or Wright’s blood stains 
(Fig. 2701. Careful search for the spirochetes is usually required. 

2. Cultures are not employed. 

3. Inject 0.2 to 0.5 cx. of patient’s blood or clots broken up in sterile 
saline solution intraperitoneally into a white mouse under aseptic precautions. 
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: . 4- Examine a drop of blood from the tail on a slide covered with eoverglass : 

; with -high 1 dry, or oil-immersion lenses each day over a ’period of at least 5 to 14: 

days. for spirochetes. Infected mice are likely to survive fof months with recurrent . 

■ spirocheteiriia.'; . ' .• - -■ ; • •' .•■ - ; 

METHODS FOB THE LABORATORY DIAGNOSIS OF INFECTIOUS JAUNDICE 

, . 1. 'Examine for Leptospira icterojiaemorrhagiae in the urine and blood. 

2. Urine may be. centrifuged and the sediment examined by dark-field method. 

. 3. Catheterized iirine is suitable for cultures. Inoculate lubes, of the rabbit- 
serum medium vvith several loopsful of sediment and cultivate anaetobicallv. 

4. Inject white guinea-pigs (8 to 10 ounces) intraperitoneally with Pediment 
suspended' in saline solution (same teclmic as inoculation for tubercle bacilli). : 



Fic. 270. — Bohreua Hecorhexts (After Calkins) 


5. Inoculate white guinea-pigs of same weight intraperitoneally with 0.5 to 1 c.c. 

of citrated blood or -with clots broken up in sterile saline solution, taken during 
the first week of the disease. , 

6. Inoculate rabbit-serum medium with 0.5 c.c. of blood; cultivate anaerobically, : 

7' .Incubate all cultures at 25° C. and examine each weekly by dark-field for: 

at least 4 weeks for motile leptospirae. , -• \ 

8. Examine the guinea-pigs daily for jaundice of the skin and sclerae.- Take - - 
temperature daily. When a marked rise occurs, remove 1 or 2 c.c. of blood from, , 
the heart in an equal amount of 1% solution citrate solution. Examine by dark- 
. field for leptospirae. . If organisms are found, chloroform the animal.. Look for v . 
jaundiced, tissues and numerous petechial (butterfly) hemorrhages, especially in 
the lungs and inguinal region, • •• 

, 9. Prepare sections of the liver and kidneys to he stained fof leptospirae.- 
Agglutinatioh and Lysis.r-1- : If .a culture is available, prepare equal parlk . o 
of .',0.5 c;c. of culture and 1:2, ,1:4, 1:8. 1:16, and 1:32 dilutions of. patient’s. . 
serum in small test tubes. Place in water bath for two hours.- Examine each arid a ; V'; 
control for agglutination by dark-field. .. . 
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2. In a test tube place 0.5 c.c. of culture (upper portion) , 0.5 c.c, of the pa- 
tient's fresh unhealed serum and 1.5 c.c. of saline solution. Mix and injeit the 
whole into the peritoneal covilv of guinea-pi". At intervals of J5 minute* withdraw 
a small amount with fine capillary lubes and examine by dark-field for evidences 
of agglutination and lysis. 

3. Injeit a second pig with a control mixture, using normal hitman serum. 

4. If antibodies are present, agglutination with partial or complete lysis usually 
occurs within an hour. 

METHODS TOR THE BACTERIOLOGICAL DIAONOSIS OF SYPHILIS 

1. Spirochaeta pallida ( Treponema pallidum) may be found in primary and 
secondary lesions by dark-field examination (recommended) or by special staining 
methods (Fig. 271). 

2. Cultures are not employed. 

3. Secretions, bits of tissue, spinal fluid and material aspirated from enlarged 



Fic. 271^-SmocrrAETA Pallida; Levant] Method (Zin««er) 


lymph glands may be inoculated into the testicles of rabbits. Full-grown and 
healthy animals should be employed. Trotti 0.2 to 1.0 c.c. of fluid or emulsion 
should be injected into the center of each testicle with a sterile syringe after 
sterilization of the skin with iodine. Syphilitic orchitis develops in three to six 
weeks with numerous spirochetes to be seen by dark-field examination. Chancres 
of the scrotal skin may occur. 

METHODS TOR THE BACTERIOLOGICAL DIAONOSIS OF RAT-BITE FEVER 

1. Rat-bile fever is primarily a disease of wild rots transmissible to man, rats 
and oilier animals by bites. 

2. The causative organism is Spirochaeia morsus minus [Spirillum minus). 

3. Inoculate white mice or guinea-pigs intraperitoneally with the patient’s blood 
(citrated), exudate from the initial, lesion, serum expressed from erythematous 
patches, material aspirated from lymphatic glands, or ground-up tissue. Examine 
wet preparations of the blood daily for the organism (Fig. 272). If found, prepare 
mixtures of patient’s serum with the blood for loss of motility of the organism. 
This is a confirmatory test but is often negative, uncertain and subject to error. 

4. Examine wet preparations of the patient’s blood by dark- field examination 
although the organism is rarely detected with certainty by this meqns and there 
is likelihood of mistaking “artifact spirochetes” for the actual organism. Make 
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-^similar examinations of secretions from the initial lesion, which are much more 
; likely to be positive. •' •• • 

' : 5.' Smears may be stained with the WrighL or Giemsa stains^ " : T ■' ' 

. . 6.’ Cultures are, not required. ■ 



Fic. 272. — SpinocnAKTA Monsus Munis 

1 , in Wood of guinea-pig. Short form. Wright’s stain. (X1500.) 2 , in Mood of white mouse. 

Long form. (Army Med. Museum 50281, from Francis.) 3, 'in .’blood plasma of guinea-pig. 
Flagellum at each end stained by Fontana-Tribondeau silver method. (Army Med. Museum 
50417, from Francis.) 

METHODS FOR THE LABORATORY DIAGNOSIS OF RABIES 

1. Rabies is a disease of dogs, cats, coyotes, wolves and other animals caused 
by a filtrable virus occurring in the saliva and transmissible to man and other 
animals through bites and other injuries. 

. 2. Laboratory diagnosis is made by the examination of smears and sections of 
the hippocampus major (cornu ammonis) and cerebellum for Negri, bodies ; also - 
by. the inoculation of rabbits or guinea-pigs with emulsions of brain substance. • : ' 

3. When removing the brain from an animal wear heavy rubber gloves; it is. - 1 > 
also advisable to wear goggles. All instruments should be boiled immediately. and . , * 
the table disinfected by wiping with formalin solution. ' ; 

: 4. For removing the brain dissect away the skin and muscles and saw through 
the head longitudinally, thus separating the two hemispheres. • . ; - 

5. The diagnostic Negri bodies can be found in about 96 % of instances by . 
preparing simple touch preparations of the hippocampus major, cerebellum and 
cerebral cortex (near the rolandic fissure) as follows: Press a scrupulously clean' 
slide, free from flaws, several times against the cut surface with suflieient pressure 
to cause the tissue to spread out over the slide, leaving thin, even films upon the j 
surface. . v-;; 

,.6. Place slides in absolute alcohol for one to five minutes. , , ... • , f'.X-V , , 

7. Remove from alcohol and allow to dry in air. .. .. ; 7, X 

8. Cover, smears with the following stain and steam gently for 2-3 minutes: 7 • ’ 

Sat. ale. sol. fuchsin 5-8 -drops’ J 

Loeffler’s meth. blue - '.••• 15 c.c, . ■ ■ ' ; 

- Distilled water sufficient to 50 c.c. - : , • 
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9. This stain will keep fairly well in a refrigerator. 

10. Wash with water and dry. 

11. Locate the ganglion cells with low power objective and then examine \\v 
cells with an oil immersion objective for Negri bodies, which appear a^ round or 
oval bodies, variable in size, stained magenta and sometimes showing blui»h dots 
or granules (Plate IX). Nerve cells appear light blue; erythrocytes are salmon 
or yellow. 

12. Mann's method is also satisfactory' as follows: Without drying, fix the 
smears with methyl alcohol for 2 or 3 minutes. Stain for 5 minutes with the fol- 
lowing: 

1 </o aqueous solution of Grubler’s methylene blue 35 c.c. 

1 % aqueous solution of Grublcr’s B. A. cosin 35 c.c. 

Distilled water 100 c.c. 

Wash in water and rapidly p3ss the smears through 50, 75, 95 and two changes 
of absolute alcohol, clean in a mixture of equal parts of xylol and oil of cloves 
and examine microscopically. When properly prepared nnd stained, the nerve 
cells appear light blue and the Negri bodies pink. Erythrocytes stain an orange 
color. 

13. If direct smears arc negative prepare sections ns follows: (a) Place pieces of 
tissue not over 1 by 1 by 0.2 centimeter in 10 parts of Zenker’s fluid for 8 hours. 
(6) Wash in running water for 8 to 21 hours, (e) Place in 80% alcohol for 1 hour 
and then in 05% and absolute alcohols for 1 hour each. (<f) Place in xylol for 
1 hour and then in xylol-paraffin and finally paraffin in the incubator for 1 hour 
each, (e) Imbed in paraffin and cut thin sections. (/) Stain by Mallory’s or Good- 
pasture’s methods (Chapter XVIII). Seller's stain is quite satisfactory: 

SOLUTION A 

Methylene blue 15 gm. 

Methyl alcohol 100 c.c. 

SOLUTION B 

Basic fuchsin 32 gm. 

Methyl alcohol 100 c.c. 

Just before it is to be used, mix 150 c.r. of solution A with 50 c.c. of solution B 
and 250 c.c. of methyl alcohol. This mixture is not stable and should be used 
the same day it is made. Test the stain before u«e on brain tissue preferably on 
tissue containing Negri bodies. The chromatin should stain blue and cytoplasm 
red. If a clear-tut differentiation of cytoplasm and chromatin is not obtained addi- 
tional amounts of either solution A or B is added until the desired effect is obtained. 

The following method of making the preparations of the brain is suggested by 
P- T. Buck. Cut a fairly thin section of the brain to be examined and put on the 
end of a piece of cork stopper, pressing the edges firmly against the cork. Dip 



PLATE X 



Nerve Cet.es Containing Negri Bodies. 


Hippocampus impression preparalion 
capillary; 3,. free red blood corpuscles. 
tory Methods,- W. B. Saunders Co.) 


. do". Van Gicson slain. X 1000. 1, Negri bodies; 2/ 
(From Todd and Sanford Clinical Diagnosis by Laborti 
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a clean slide into 0.4% salt solution and shake off excess. Press the hrain tissue on 
the cork gently against the prepared slide. A thin section of the brain tissue ad- 
heres to the slide and a very satisfactoiy preparation is thus made. 

1-1. If direct smeais and sections are negative, labbil inoculation should be 
done. If the brain is flesh and uncontaminated, it may be inoculated at once. 
Otherwise place in pure glycerol and hold in a lefrigeiator fm 2 or 3 da\s before 
inoculaliom 

Emulsify a small piece of hippocampus major in a small amount of sterile 
saline and inject about 0.1 to 0.2 c.c. subduiallv in an anesthetized rabbit by 
forcing the needle through the thin bone lying in the depression just posterior to 
the eye or the intralingual route of injection may be used. 

As a general rule the average street viius will cause death in about 16 days, 
but sometimes requires 3 weeks or longer (paralysis). It is, however, necessary 
to keep the animals under observation for 60 to 90 days before reporting negative 
results. 

IS death occuis within 6 days, it is probably due to bacterial infection and the 
test should be repeated with glycerolated tissue. 

If the animal dies of rabies Negri bodies may be demonstrated in the brain tissue 
but they are usually smaller and more easily distorted than those produced by 
street virus. 

METHODS FOR THE LABORATORY DIAGNOSIS OF GRANULOMA 

INGUINALE 

1. Granuloma inguinale, granuloma venereum, or groin ulceration is charac- 
terized by a swelling which may involve the external genitals, inner surface of 
the thighs, perineum and anus with involvement of the inguinal lymphatic glands. 
It occurs more frequently in women. 

2. The disease should not be mistaken for lymphogranuloma inguinale, a dis- 
ease caused by a frltrable virus, for which the Frei intradermal test is employed 
for diagnostic purposes (See Chapter XXXI). 

3. The etiology of granuloma inguinale is uncertain but is probably caused by 
Klebsiella granulomatis ( B . granuloma ), a Fried hinder-] ike organism described 
by Walker (Fig. 273). 

4. The organism occurs in endothelial cells as small oval bodies resembling 
the “Donovan bodies” of kala-azar. 

5. Carefully cleanse the surface of the ulcer with saline solution to remove 
the pus and then scrape the surface with the edge of a scalpel to obtain tissue 
cells. Blood and pus should be avoided as much as possible. As the procedure 
may be painful, it may be necessary to anesthetize the surface with a few drops 
of novocain or cocain solution. The scrapings should be deep enough to include 
many tissue cells as superficial scrapings are usually unsatisfactory. 

6. Stain the smears with Wright's or Giemsa stains and examine the endothelial 
cells for the intracellular bodies. 

7. If cultures are prepared use Sabouraud’s medium on which it occurs as a 
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short plump coco-bacillus, capsulaled, non-motile, non-branching, non-sporolating 
and gram-negative. Does not liquefy gelatin or produce indole. The colonies are 
while, moist, convex and viscid. 

8. The organism is fatal for guinea-pigs inoculated ini ra peritoneal ly with 
1 c.c. of culture. Subcutaneous or intrneulanrous inw illation of mice nod rabbits 
produce local lesions. 



Fie. 273.— Klebsiella Cravulomatis or Granvioma Iaccjnvie 


LABORATORY DIAGNOSIS OF KALA-AZAR 

1. Examine the Mood for anemia due to reduction of erythrocytes nod hemo- 
globin (color index about normal); leukopenia with reduction of polymorpho- 
nucleaTS and eosinophils with increase of lymphocytes and, monocytes. 

2. Slain smears of blood and examine the polymorphonucicars and monocytes 
for Leishmania donovani; the parasites may rarely occur in erythrocytes. Thick 
films may be prepared, delicmoglobinized, and stained according to the methods 
described in Chapter IV for the detection of malarial parasites. Wrights* or the 
Giemsa stain may be employed. 

3. Blood cultures are usually positive. From 0.25 to 0.5 c.c. of blood removed 
aseptically from a vein at the elbow is placed in 20 c.c. of sterile 1.5% sodium 
citrate in physiological saline solution. The mixture is gently shaken and allowed 
to stand overnight in a refrigerator or centrifuged. The supernatant fluid should 
be decanted and the corpuscles transferred with a sterile pipet to the water of 
condensation in tubes of bT.N.N. medium (1.5% agar with 0.25% glucose and 
containing about one-third volume of sterile rabbit, blood added to the medium at 
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52° C.) . incubate at 22° to 24 ° C. (room temperature). Smear s are stained with 
the Wright or Giemsa stains for flagellates. 

4. Cultures and smears of the spleen maj be made by aspiration with a sterile 
syringe and are valuable diagnostic aids. Aspiration of the liver is stated to be a 
safer proceduie but frequently yields negative lesults. Smears of material ob- 
tained from bone puncture, excised lymphatic glands, scrapings from bases of 
artificially produced blisters or ulcers, are stated by Brahmachari to be unsatis- 
factory. 

5. Leishman-Donovan bodies as seen in ceils are circular to elliptical in shape, 
from 2 to 4 micra in diameter, and contain two nuclei, a large oval one at one 
part of the periphery and a small circular or rod-shaped one (blepbaroplast) near 
or at the opposite part of the periphery (See Fig. 96). This smaller body stains 
more deeply than the larger one, while the cytoplasm of the parasite stains very 
dimly, sometimes showing only a faint peripheral rim. -Flagellates are seen in 
cultures (See Fig. 95). 



CHAPTER XX 

DIAGNOSTIC MY CO LOGICAL METHODS 

By EDWIN S. CAULT 

In this brief chapter on the laboratory diagnosis of fungus infer lions, an at- 
tempt has been made to give the worker in this field a concise, general technical 
procedure which may be applied to any material received for inycfllogic examina- 
tion. There is also included more sjiecific procedures of diagnosis when the group 
of suspected fungi is aided by a knowledge of the clinical lesion produced (ring- 
worm, blastomycosis, sporotrichosis, etc.). In addition to diagnostic methods, aids 
to species identification are included under each group. 

GENERAL TEdlNIC TOR THE LABORATORY DIAGNOSIS OF THE MORE 
IMPORTANT FUNQOTJS INFECTIONS OF MAN 

The laboratory diagnosis ol a fungous dit-easc, in general, is accomplished b> i 

1. Direct examination of material obtained from the lesions, unstained or 
stained 

2. Culture 

3. Animal inoculation 

4. Special methods 

Procedure . — General Instructions. — 1. Collection of a suitable specimen- 

If the lesions arc upon the skin, clean up the affected surface with 70 or 80yr 
alcohol; secure with a sterile instrument diseased hairs, scales or scrapings from 
the outermost portion of the lesion where the process is active, and place them in 
a sterile container, such as a Petri dish. 

If the lesions are moist, specimens may be obtained from the more active 
portion of the lesion by scrapings from the surface or by collecting the exudate. 

In the case of pustules or abscess-like lesions it is better to aspirate the exudate 
from unopened lesions with a sterile syringe. 

Sputum and feces specimens should be collected as for bacteriological examina- 
tions and sent to the laboratory in sterile containers. 

In mycosis of the lung, exudate, sputum or ti««ue fragments may he obtained 
by bronchoscopy, thus avoiding i out ami rial ion with organisms of the mouth. 

Biopsies for mycologic examination should lie taken n-epticallv and sent to 
the laboratory in sterile containers. Part of the specimen should he fixed and 
sectioned for histopathology and the remainder u«ed for mycologic and bacterio* 
logic studies. 

2. Specimens for examination should be sent to the laboratory and examined 
512 



DIAGNOSTIC MYCOLOCICAL METHODS 


5] 3 

without delay. Material more than three to four hours old is less apt to give a 
satisfactory result. 

3. Whenever practicable specimens for mycologic examination should be taken 
by or at least in the presence of the mycologist who will later make or supervise 
its examination. 

4. With every specimen, in addition to the usual data, the following information 
should be furnished: (al the nature and source of the material, ( b ) the time of 
collection, and (c) the type of fungus suspected by the clinician. 

5. Material for mycological examination should be divided into three parts: 
(a) for direct examination, (b) for culture, (c) for possible animal inoculation 
and special tests. 

Direct Examination. — 1. If the specimen is in the nature of hairs, cutaneous 
scrapings or scales, prepare moist preparations with 20 ( '/ f sodium hydroxide (de- 
tailed instructions under ringworm, page 517) and observe the morphology of 
the mold and its relation to the hair, etc. 

From the direct examination of such material in accordance with Sabouraud’s 
“Clinical Classification.'’ the following genera may at once be determined: 

Achorion — forms in which the fungus invades the hair but clinically forms a 
scutulum (a sebaceous, waxy, yellowish secretion) at the junction of the hair 
and scalp. 

Microsporon — forms in which masses of uniform, round cells (spores) are 
found in the sheath about the hair just beneath the cuticle. 

Trichophyton— Sabouraud places under this genus all other forms which invade 
the hair. 

Epidermophyton — This genus is made up of forms which invade the epidermis, 
but not the hair. 

If it is possible to thus determine the genus proceed to identify the species and 
establish its pathogenicity by culture and animal inoculation, etc. 

2. If the specimen is in the nature of pus, exudate, sputum, feces, etc., prepare 
moist preparations or stained smears and examine for yeast-like fungi or mycelial 
filaments. 

If upon gross inspection of the material or exudate, tiny granules, grayish, 
sulphur-yellow or black are seen, carefully examine for aclinomycetes. 

Culture (Modified after Fisher and Arnold). — 1. Inoculate several plates , 
of Sabouraud's 4% maltose agar pH 5.2 with several dilutions of the material. 

2. Inoculate several tubes of 4% maltose broth pH 5.2 with similar dilutions. 

3. Incubate 48 hours or longer at 37.5° C. ‘ 

4. Make stained smears of suspected colonies and examine under the microscope 
for yeast-like bodies. 

5. Examine the bouillon cultures by stained smears. 

6. Obtain pure cultures by inoculating Sabouraud's maltose medium with 
colonies show’ing yeast-like forms. 

7. Subculture on cornmeal agar plates making deep streaks and allow' to grow 
at room temperature for 48 hours or longer. 


^ f ^ 
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8. Subculture on plates or Julies of honey agar and grow at room temperature or 
in the incubator for 4B hours or longer. 

At this stage of examination of fungi having a yeast-like form in primary cut 
tares on. Sohouramf j maltose agar or broth, it ts possible to distinguish the (of- 
lotvirig genera based upon the presence or absence of mycelial filaments (on 
oornmeal agar ) and the presence or absence of asci (on old cultures) : 


Key to Genera 1 
VBAST.UK E PUNGI 

(Single-celled organisms reproducing by budding) 
(Maltose apnr, or broth) 


Present 

r Asrostorcs — i 
(Old slants) 

Present Absent 

Endorayces Momlia 


(Comment ogor) 


A) went 

r Astonish r* l 

(Old slants) I 

Present Alwent 


Saccharuniycetes Nonsacclwromj'cetes 
(Cryptocoeci) 


9. Demonstration of ascospores: from old culture* (at lea«t 10 days old) of the 
fungus on maltose and cornmeal agar prepare smears from the dried top of the 
fungus and stain with Bcauicrie stain as follows: 

(a) Fix with heat. 

(b) Cover with carhol-fuchsin. 

(c) Steam gently for 2 minutes. 

(d) Decolorize with 25% glacial acetic acid. ^ * 

(e) Counterstain with methylene blue one-half minute (ascospores are red) 
vegetative cells blue). 

10. To biologically prove tbe sjiecies of the fungus additional cultures are 
necessary: 

(a) Inoculate pure cultures ol the fungus on various sugar media with pH 
adjusted to 5.2 — dextrose, maltose, saccharose, lactose, Icvulose, mannose, galac- 
tose, glycerol, tTchalo«e, dextrin and inulin. 

(b) Milk (Stovall method of preparation for best results). 

(c) Gelatin— liquefaction or type of growth if no liquefaction occurs. 

(d) Special media. 

A brief consideration of the biologic characteristics of the more important species 
of fungi will be found in other sections of tills chapter under Aids to Species 
Identification. 

* After Caitellani's biological classification. 
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Animal Inoculation. — The pathogenicity of the organism may be determined 
by animal inoculation. Rabbits, guinea-pigs, rats may be used. Inoculations may be 
made through intravenous, intraperitoneal, cutaneous and subcutaneous loutes. 
For details'see additional instructions under individual species. 

Special Methods. — Various serologic methods including agglutination, cioss- 
agglutination, agglutinin absorption and complement fixation and in addition other 
special methods may be conducted. 

Glossary of Common Mycologic Terms 2 

Thallus: Hie actively growing, vegetative organism as distinguished fiom the 
reproductive portions. 
ffypha: The single tlnead-Iike portion. 

Mycelium: A group or matted mass of branching hypha:. 

Septa: Divisions of a liypha formed by transverse partitions. 

Spores: Cells developed for the propagation of the species. 

Conidia: Spores formed directly from the vegetative portion by abstriction, bud- 
' ding or septate division. 

Conidiophore: The hypha beaiing a spore or group of spoies. 

Ascospores: Group of spores, usually 4 or 8, enclosed in a sac, or ascus. 

Oospores and Zygospores: The spoie lesulting fiom the union of two similar spores 
is a zygospore; if the spores uniting are male (antheridium) and female 
(oosporangium) the resultant spoie is an oospore. 

Endospore: A spore formed within an outer envelope. 

Blastospore: A spore formed by budding. 

Arthrospore: A spoie formed of segments of a hypha and released by disarticula- 
tion. 

Oidia: Artlirospores of cylindrical form. 

Chlamydospore: A large spore, either intercalarv or terminal, with tough and fre- 
quently double contoured (thick) wall, undergoing encystment. 

Thallospore: Any spore formed fiom the main hypha (or thallus) directly, as in 
the preceding three. 

Sterigma: A short stalk bearing chains of conidia (as in Aspergillus). 

Vesicle: The swollen end of a hypha bearing groups of spores. 

Columella: The distal end of a hypha forming the supporting center of a 
sporangium. 

Coremium: Bunched groups of conidiophores seen in some species. (Resemble 
bunch of asparagus.) 

Sporangium: A sac containing an indefinite number of spores, usually many, at 
the end of a hypha. 

Sporangiophore: A hypha bearing a sporangium. 

Stolon: Runner-like branches of certain fungi ( Rhizopits ), 

2 After Simmons, Laboratory Methods of the United States Army , Lea & Febiger, Phila- 
delphia. 




(From Simmons Laboratory Methods of the United States Army, Lea and Febifnr, Phila- 
delphia 1 


Spirals: Terminal coils seen in some species. 

Pectinate bodies: Comb-like structures formed by some fungi. 

METHODS FOE THE IDENTIFICATION OF THE EINGWOEM FUNGI 

Collection of a Suitable Specimen.— 1. Clean up the affected surface with 
70 or 80 alcohol; secure with a sterile instrument diseased hairs, scales or 
scrapings from the outermost portion of the lesion where the process is active, and 
place them in a sterile container, such as a Petri dish. 
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2. If the lesions are moist, specimens may be obtained from the more active 
portions by scrapings from the surface or by collecting the exudate. 

3. MateriaLfor examination should be sent to the laboratory and examined 
without delay. Specimens over 3 or 4 hours old are less apt to give satisfactory 
results. 

4. If possible, divide the specimen in three parts: (a) for direct examination, 
(6) for culture, (c) for possible animal inoculation. 

Direct Examination. — 1. Prepare a slide by outlining with vaseline a circle or 
square slightly smaller than the coverglass. 

2. Place some hairs, scrapings, scales, etc., within; cover with several drops of 
20% sodium hydroxide. Carefully cover with a coverglass. 

3. Allow the hydroxide to act for 20 minutes to a half hour or until tire tissue 
elements have been dissolved, thus leaving the fungi free for observation. 

4. Examine the hair or other material by reduced transmitted light under low 
and high power for the presence of fungi. 

5. Observe the presence of molds within the hair or outside the hair, or both 
within and without. 

Culture. — 1. If the material to be examined consists of dried scrapings, soak 
for an hour in alcohol to destroy as many contaminating bacteria as possible. 

Caution. — The alcohol used for this purpose should be “controlled” and known 
to be free from spores or molds. 

2. Drain off the alcohol. 

3. Inoculate with a sterile inoculating needle 4 tubes of Sabouraud’s medium. 

4. Inoculate each slant at three points, slightly breaking the surface of the 
medium to introduce the spores. 

5. Place some tubes in the incubator (37.5° C.) and allow others to grow at 
room temperature. 

6. Observe the cultures daily, but do not open the tubes unless definite growth 
is seen. 

7. When growth occurs observe characteristics of the colony. 

8. Subculture on Sabouraud’s maltose agar medium, and transfer a portion of 
the colony to a slide. 

' 9. Add a few drops of salt solution, or preferably, standard mounting fluid: 


2% solution potassium acetate 300 c.c. 

Glycerin 120 c.c. 

95% alcohol 180 c.c. 


10. Cover with a coverglass and examine with high and low power. 

Animal Inoculation. — Animal inoculation is not usually resorted to in the 
diagnosis of ringworms. However, a portion of the material may be inoculated by 
scarification or subcutaneous injection. The mouse, guinea-pig and rabbit are the 
animals most frequently used. 
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A1D9 TO THE IDENTIFICATION OF THE BIN GW OEM FUNGI 

The following outline will be of assistance in determining the genus of the 
fungus, according to Sabouraud’s classification of ringworm fungi and closely 
allied species: , * 

Achorion.— Sabouraud places forms in which fungus invades the hair but 
clinically forms a scutulum (a sebaceous, waxy, yellowish secretion) at the junc- 
tion of the hair and scalp under the genus Achorion. 

Microsporon. — The mierosporon includes those forms in which masses of 
uniform, round cells (spores) arc found in the sheath about the hair just beneath 
the cuticle. 

Trichophyton. — Sabouraud plates under this genus all other forms which 
invade the hair. 

Epidermophyton. — The genus cpidcrmophyton is made up of forms which 
invade the epidermis but not the hair. 

There are a number of species of ringworm pathogenic to man, producing a 
\ariety of cutaneous lesions. 1 he most important species arc summarised as follows, 
following Sabouraud’s clinical classification (modified from Gay) : 



Fig. 275 — Micnosrono\ * 
I-ANOSCM 

Six -weeks* culture on S&lmu- 
raurl’s test medium; Dne-Iialf nat- 
ural Bi/e (Hopkins). 



Fic. 276.— Fc'eaux of lUicnosronot 
Laxosum X200 


Z. Mierosporon Lanosum. — This is one of the frequent causes of ringworm 
of the scalp and skin acquired from animals. 

In the microscopic examination of the diseased hair small, round spores form 
a sheath about the hair just beneath the cuticle. On Sabouraud's maltose or honey 
agar large, fiat, while (later tan) colonies are produced (Fig. 275). Material taken 
from the surface of the culture contains numerous lenticular fu^eaux, which are 
lltick-w ailed and provided with spines. See Fig. 277. Microconidia are also pro- 
duced along the sides of the mycelium. Chlamydospores occur and are found with 
thick walls (Fig. 276). 






M/CROSPORUM AUDOU/N/ 

/ \Jh‘tc cotony, vclvct Juprrtcc 2 lurccrco hp/r 3 Microc omom 4 -tlyccLWL TP tide 
S Rrcquct nyccuun kPccTinPTi Booy 7 RuoiHCNTflny rujcpu SCHLfiMYDOspofics 



/ Thu coiony, uooiy sunruct: 2 lnrccr£o nnin 3 Hickocohidir 4 Cnuiriyobsj>oRrj S F jsr/tux 



TRICHOPHYTON GYPSEUM 


tWmrc ccior/y, pouocpy jupmcc Z/nrrcrcD hrir, (Ectothrix) 3Cohidirl civstcr 4SyiPtus TFjjchux 
6Mic/roeoHiD/H 7 /Jodvlrr open h 



TRICHOPHYTON CRATER! FORME 


/ M«rc colony, ycivct •svrfacc 2 Inner id hrir (Ei/oothrix) 3 CoNidiRL clvstcb 4M/CR0CONIPIR 

Fig. 277 . — Ringworm Fungi. (From Sabouraml’s Les Tenues. Courtesy of Masson and Cie.) 
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2. Microsporon Audouini. — This organism is one of the most common causes 
of ringworm, of the scalp in the United States. The infected hair is similar in 
appearance to that of Mm lanosum. 

On Sabouraud’s lactose or honey agar, velvety while or buff colonies arc pro 
duced which arc slow in growth. A knob usually forms in the center with radial 
grooves toward the margin. ' ■ 

Microscopically, cultures show only a few rudimentary fuseaux but are cliarnr- * 
terized by peculiar structures known as “pectinate bodies.” These are small parallel 
protuberances extending out from one side of swollen hyplial brandies resembling 
a comb. Other features are the presence of dilum) do«pore.% racket mycelia anil 
imeroconidia. (See Fig. 277.) 

(a) Endothrix Trichophytons. — These are important causes ol ringworm in 
the hair. The spores are large, arranged more or less in rows, entirely within tlu* 



Fie. 278.— Hair ItiuouD wmt ItmcwoRU Fc.vcus, MtcAioiponov Variety ' 

(From Park, Williams amt Kninwiede, Pathogenic Microorganism}, Lea ami Febiger.) 

hair. They are differentiated by their cultural characteristics on Sabourand’s lact«>se 
or honey agar. Several species are found. 

1. Trichophyton crateriforme (7*. tonsurans). — This organism forms a white, 
creamy colony with powdery surface, the central portion showing a crater. 

Microscopic examination of the culture shows rather characteristic conidial 
clusters. Chlamydospores are abundant. Microconidia ore present. (See Fig. 277.) 

2. Tricophyton acuminatum {T. sahouraudii) . — This fungus is quite similar 
to that of T. ernteri/orme. 

3. Trichophyton v iolaceum . — This is frequently responsible for ringworm in 
Italy and Russia. On Sabouraud’s medium deep violet colored colonies are pro- 
duced having a smooth, waxy surface, sometimes with grooves from the center to 
the periphery. 

Microscopic examination of portions of the culture reveals a mycelium with 
many short, crooked segments, and frequent chlamydospores. See Fig. 279. 

(b) Ectothrix Trichophytons.— The infected hair shows the spores arranged 
in 'chains composed of uniform sized spores between the sheath and cuticle of the 
hair. 


TRICHOPHYTON VIOLRCEUM 

Iviclct cuteftouJ colony Z/nrccrco wnn (Dioothmx) Z Younc nyecuun 4-Oid mycctiuM 'with 
t icsicoihr ecus 



RCHORION SCHONLEINIi 


I Tin ciftonow colony 2 Inrccrco mm ZScinxiiun: (R)mm fa)runcus (c'icpiocfttiis 4-Chhnocucrs 
S CmflnyooSpoRcs ' 



CP/OERHQPH/TON INGUINRL5 

/ Gnny emeu o ovny colony Z-ZNyotuon in cpiocKtooi some 4-Cmnhyoosponcs S Fuse mi*. 



EPIDERMOPHYTON ( TRICHOPHYTON ) RUQRUM 


/ V/mitc oowny colony w ir/i cireftoui punpic. eon oca ZFonoos in nme 3 liicRoccn/om 4-Fuicnof. 

Fie. 279 . — Chau \cteristic Types of Rincworv Fui,ct 

7V, „> 7 . . — . •_/ AU rchnnloinii F niri rrmoilhl ton inSttinalc. EmdrTTnnnhitor, 
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1. Trichophyton asteroides (Gypscum, T. incntagrophyles). — Upon Sabouraud's 
medium a creamy white growth occurs. The growth is rapid, the surface is pow- 
dery, and the edge of the colony is uneven and raj -like (Fig. 2??). 

Microscopic examination reveals the presence of ntypic or rudimentary fuseauv, 
large clusters of conidia, numerous spirals, microconidia and nodular organs, 

2. Trichophyton rasaecacum. — -The culture prows slowly on Sahouraude me- 
dium, producing a white, folded disk-like colony which becomes pink or reddidi 
with age. 

Microscopic examination reveals rudimentary fuscaux and long ihyrscs. 

(c) Neoendothrix Trichophytons. — Trichophyton cerchriformc and Tricho- 
phyton plicatile. — These ore very rarely found, and resemble in culture the Tricho- 
phyton craterijorme. 

1. Epidermophyton inguinale (T. cruris). — This fungus is commonly lire 
cause of ringworm of the feet and eczema marginatum of the groin. 

Examination of the infected skin re- 
veals that the fungus has long inter- 
lacing filaments made up of oblong 
double contour cells. 

On Sabouraud’s medium the colo- 
nics develop slowly. Due to rapid pleo- 
morphism, they may be grayish white, 
lemon yellow* or greenish. 

Microscopic examination reveals 
characteristic smooth-walled fu«eaux 
(Fig. 280) which are found in clusters. 
Conidia are not found (Gay). Fig. 
279. 

2. Epidermophyton rubrum. 
— This i3 another closely allied spe- 
cies. See Fig. 279. 

3. Epidermophyton (Ctenomyces) 
interdigitale (Gay). — -This is prob- 
ably identical with the while fungus of 
Kaufmann-Wolf and similar to the T. 
win rum group. The culture is at first 
pure white, later gold. Some strains 

show a reddish color. It is made up of tangled hypliae, mostly sterile but with few 
scattered aleuro«pores. Macroconidia may lie seen in old cultures. 

METHOD TOP. THE LABORATORY DIAGNOSIS Or EAVtlS 

In this condition, the diseased hairs are surrounded by yellowish, waxy crusts 
at the base of the hair called “sculula.” 

The diagnosis is made by examining a number of broken off diseased hairs 
under the microscope and by culture for the fungus. 



Fic. 280. — Fuseaux of EprooiMopimoi 
Inguinale ‘XSfJij 
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/ For collection of specimen, technic of preparation, and Culture, see. Procedure 
^;;fqr the Identification: of Ringworm, page 516. V - - 5 

'The most. common organism responsible for favus is Achorion schoenleinii. . - v ' 
Acliorion schoenleinii. — Microscopic examination of the diseased hairs will 
- . reveal irregular-shaped spores occurring within the hair and irregularly 

: .-.arranged. Long hyphae extend out beyond the hair into the scalp. These hyphae ' 

.. may be. simple, or segmented. - .■.•.■■■' 

Culture on Sabouraud’s medium at the end of one or two weeks shows yellowish, 
vV- shiny, colonies, later becoming wrinkled irregularly and darker in color. The 
.organism’ rapidly becomes pleomorphic. •„ ■ ’ ; 

, Microscopic 'examination of portions of the fungus shows numerous club-shaped . . 

■ terminal -branches, many of which are notched at the lip. A characteristic forma- " 

, tion is the appearance of clusters of such clubs. See Fig. 279. , 

’ ’ METHODS POE THE LABORATORY DIAGNOSIS OF PITYRIASIS 

• ' .VERSICOLOR (TINEA VERSICOLOR, CHROMOPHYTOSIS) . 

: This skin disease is produced by the Microsporon furfur. , . , 

The laboratory diagnosis is accomplished by: (1) direct examination of scrap-. 

„ • irigs from the lesions for the organism, stained and unstained; (2) culture... 

The direct examination and culture are the same as under ringworm, page 516. > 

METHODS FOR THE LABORATORY DIAGNOSIS OF BLASTOMYCOSIS - 

. 'There .are two forms of blastomycosis: (1) Blaslomycotic dermatitis and (2) 
the general or systemic variety. 

1. Secure a suitable specimen. _ i 

, ‘. In the cutaneous variety, pus should be collected from the miliary abscesses . .. 
present at the edge of the lesion, and placed in a sterile container. In. the systemic , 
variety, specimens of tissue or pus from the diseased area will be suitable. When ; 

7 this. is impossible, a specimen from metastatic cutaneous lesions will suffice. 

. ,2. Place a small .amount of the pus or necrotic tissue on a slide, and add a few 
drops of 10 or 20% sodium hydroxide. Cover with a coverglass. . 

3. When cleared, examine for the yeast-like fungi, the blaslomyces hominis V 

; ■ , (Fig. 281). ' ' '• 

’ ’ ■.;■ This organism is oval or rounded in shape, measures from- 10 to 20 micra, and- 
• reproduces by budding. The presence of the parent cell with bud- gives rise to, 

. the . so-called “figure eight” arrangement of the fungus. Each organism is . sur- ’ . 

." rounded by a hyaline capsule which is highly refractile. Within, the cytoplasm is “ ' \i>. 
' ■ grand] ar. The organism may be stained with methylene blue, or Wright’s.stain. . I 

Culture;— 1. Inoculate some of the pus upon Sabouraud’s maltose or honey ; ■ 
t agar and com meal agar. 

The; organism grows readily on the various laboratory media. It is easily .over- , . 

. . looked or lost in culture due to numerous bacteria usually present in the pus, 

. ' which tend to outgrow the fungus. . . . . 
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2. Inoculate at least two tubes, one! incubate at 37“ C. and 22° C. 

3. After from 2 days tr* 2 weeks, examine carefully for small white colonies 
resembling, Staphylococcus olftus. 

d. Examine fresh am! stained (methylene bine) preparations /or one of the 
lvlasl oin) ce>. 

Cultural Characteristics of Blastomyces hominis. — 'Ibis organism or group 
of organisms grows readily on culture media, producing on Snbouraud’s or corn 
meal ogar a small, white, glistening, rounded 
colony, which after a week or ten days be- 
comes wrinkled and slightly brownish in 
color. Gelatin is not liquefied. On bouillon 
the medium remains clear, and a stringy 
sediment is found at the bottom. Most strains 
ol the group do not ferment carbohydrates. 

Microscopic examination of a portion of 
colony reveals the same morphology as de- 
scribed above with occasional “figure eight 
formation, and in some cultures early, and 
in others late, the formation of irregularly 
branched septate hyphae. These filaments are 
most numerous when the cultures are grown 
at room temperature. 

Examination of Tissue. — Tissue ob- 
tained by biopsy or autopsy should be run 
through in the regular way (see Chapter 
XXXVIII), and stained with hematoxylin and cosin, polychrome methylene blue, 
or theonln. When stained with hematoxylin and eosin the capsule usually remain* 
unstained, the protoplasm is usually basic and shows deep blue-staining 
granules. 

METHODS EOR THE LABORATORY DIA0N0SI3 Or COCCIDIOIDAL 
GRANULOMA 

This disease produces lesions primarily involving the skin, which may later 
spread to lymph nodes, bones, etc. Lesions are nodular and may break down 
forming ulcers and abscesses. Lesions may be pulmonary, and the organism may 
be found in the sputum. 

The laboratory diagnosis is made by (1) direct examination of the exudate from 
the lesions for the fungus, (2) culture, (3) tissue biopsy, (4) animal inoculation. 

Direct Method. — 1. Secure a suitable specimen. 

Pus from one of the cutaneous lesions or a tissue biopsy are suitable, and 
should he taken, exercising aseptic precautions, and sent to the laboratory in a 
sterile test tube or Petri dish. 

If sputum, the patient should rinse the mouth well, preferably with 50 alcohol 
before the specimen is expectorated. 



Ftc. 281 — Blastomvces Showing Bud- 
owe Forms lx Pus mow a Lesion jh 
Man 


(From Gilchriit) 
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2. Place a small amount of the pus or necrotic tissue on a slide and add a few 
drops of 10 to 20% sodium hydroxide. Cover with a coverglass. 

3. When cleared, examine for the fungus, Coccidioides immilis. 

This organism, if present, will be seen as small lound bodies, measuring 5 to 
50 micra in diameter, each surrounded by a refraclile capsule. Cytoplasm is 
granular. No buds are seen, which is the chief point of differentiation from the 
blastomyces (Fig. 282). 

Cultural Method. — 1. Inoculate some of the pus upon Sabouraud’s maltose 
or honey agar and com meal agar. The 
organism also will grow on the ordinary 
laboratory media. 

2. Inoculate at least 2 tubes, and incu- 
bate one at 37° C. and the other at 22° C. 

3. Examine carefully for the white 
glossy colony, lightly covered with a dusty 
white layer of hyphae, which should ap- 
pear in from 2 to 7 da) s. The color tends 
to become darker as the organism glows 
older. On Saliouiaud’s honey agar the 
color of old colonies is greenish black. 

Gelatin shows slow liquefaction, litmus 
milk gradually peptonizes, and the sugars 
are not fermented. 

Microscopic examination of poi lions of 
the culture show many round forms from 
2 to 8 micra in diameter, from which 
sjJring septate and branched hyphae. Chlamydospores and conidia are said to 
occur in all cultures. 

Animal Inoculation. — -The organism is pathogenic to animals (rabbits and 
guinea-pigs) . 

Inoculate a small quantity of the pus subcutaneously or intraperiloneally into 
a guinea-pig and examine the lesions which develop for the organism. 

METHODS FOR THE LABORATORY DIAGNOSIS OF SPOROTRICHOSIS 

In this disease, the infection is chronic in nature, and the lesions are found 
mostly in die skin or subcutaneous tissues. 

The laboratory diagnosis is established by (1) direct examination of the exudate 
from cutaneous lesions, (2) cultural methods, (3) by animal inoculation. 

Direct Method. — 1. Technic of examination is the same as for coccidiodal 
granuloma (see page 524). 

2. Direct examination of the pus for the demonstration of Spotolnchum schencki 
reveals elongated oval cells, ranging from 3 to 10 micra in length and from 1 to 3 
in width. These cigar-shaped spores in the tissues may be found within giant cells 
' (Fig. 283) . 



Fig. 282. — Coccidioides, Round and 
Si’Okui.atinc Forms in a Giant Cell 
in a Lesion in Man 


(From Rixford and Gilchrist) 




Fie 283.— Sporotrichum Schenk: 

Spores in lesion in testis of rat. (From Hopkins) 



Fic. 284.— Spcwo-itochum Scbenh, Spores in Lesion in Testis or Rat 
(F rom Hopkins) 
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, . ',;The direct examination of the-pus, however,, is usually unsuccessful, even" -if,-- , 

'. the pus is cleared with 10 to 20% sodium hydroxide. The diagnosis 'is usually, ; 

1 : made by. culture.; ■' - ' '. »• • ,,-Y , .‘"V 

Culture,— 1 The culture method is’ the -same as for Cbccidioides. . ' >-'J ; .',■■■ 

- lit ,4 or 5 days on Sabou rand’s maltose and honey agar the Spbratriclium 
schencki grows in- the form of tiny fringed grayish colonies; As -the colony grows - 
larger the . center becomes wrinkled, and is surrounded by a border of rather 
, regular radial grooves. The color darkens with age. " ' * „ • • 

^ Microscopic examination of portions of the culture shows many fine branching 
hyphae about 2 micra in diameter, the branches terminating in. groups -of . oval or 
pear-shaped' spore-like projections, the arrangement being somewhat like a clover 
leaf. See Fig. 284. '• 

V Animal Inoculation,— Some of tlie exudate may be injected subcutaneously or 
ihtraperifoneally into a male rat. The organisms tend to form localized lesions in 

- . .the testes 5 and joints. Cutaneous papules may be produced along the tail. 

r -.-y-, , METHODS FOR THE LABORATORY DIAGNOSIS OF MONILIASIS 
' v (INCLUDING THRUSH AND SPRUE) ’ 

The monilia may produce lesions in the mouth (thrush), in the intestine, 
(tropical sprue), in the vaginal mucous membrane, in the bronchi and lung, in the 
meninges, and in the skin (erosio interdigitalis) . , / „ 

The laboratory diagnosis is established by (1) direct examination of scrapings 
or exudate from the lesions for the fungus, (2) culture, (3) animal inoculation. ' 

Direct Examination. — 1. Obtain a suitable specimen. 

: From the mouth (in thrush) or the vagina, secure scrapings of a portion of, the: 

white patches on the mucous membrane. In cutaneous moniliasis, secure scrapings ' 
or exudate from tlie diseased skin. In intestinal moniliasis (sprue), a portion of the 

feCes should be examined. In meningeal moniliasis, the spinal fluid is to be exam 

: ;, ined. In pulmonary moniliasis, the organisms may be found in -the sputum. 

: .V :2. Place a small amount of pus or necrotic tissue on a slide and add. a few drops. 

of 10 to 20% sodium hydroxide. Cover with a coverglass. • . . . ' 

V 3. When cleared, examine for Monilia albicans (Oidiurn albicans ) . In . fresh . 

• preparations the organism is composed, of oval, yeast-like cells and mycelial 

: filaments. The yeast-like cells are also found laterally, along the. branches and may 

, . lie free (see Figs. 285 and 286) . \ - ,.v '• 

: ./. [.Caution: A number of nonpathogenic monilia are found upon the skin and in : 
y the; intestines, and must be differentiated; Monilia cdndida/Mohilia’parapsiltisis,;. '-y .; 
'■ and Monilia- fcriisei are among -the most common. (See Fig. 287.) - .'VY 1 ,, / ■' 

l - Culture.— 1. Inoculate at least 4 tubes with some, of; the' material; slightly. 

breaking the surface, upon Sabouraud’s honey agar and cornmeal agar, -and place .: 

, in incubator at 37° C. and 22° C. \ ■ ’ y; y-.%. j = 

, . y AbVe;: In sprue, a small, amount of feces- should first be considerably (diluted-. -'y 1 

- . with bouillon or salt solution, and then the media touched at 4-points with, a, drop. , 
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of diluted feces l')' means of an inoculating needle. Bacteria will fit*! appear and 
will lie overgrown later by tlie fungus. 

2. Examine carefully after a fen' days for creamy, mo5*l tolonies n it)i finer, th 

surface. 

After a week «r Inn, die center of the colony slums u lwmcjeomWd npjiearance. 
The margins are first smooth and later become tabulated. Most strains do not 
liquefy gelatin. In bouillon the broth is clear with flocculi at the bottom. Dex- 
trose, levulose and maltose are fermented. 



Fic. 285 . — Monilia Albicans, Unstained, Showing Mycelium Stores and Yeast-like Cells 
(From Denham) 

Microscopic examination of a portion of the young colony from honey agar 
reveals many yeast-like oval cells 5 to 6 micra in diameter, which are highly 
granular, showing budding at one or both ends. A few rudimentary filaments may 
also be seen. Older cultures show more filaments. 

On cornmeal agar hypliae are developed early, showing clumps of jca«t-Iike 
budding forms occurring at points of juncture, together with large {>a]MiLe 
clusters (Fig. 287). 

Animal Inoculation.— Rabbits may be injected intravenously with 1 c.c. of a 
1:1000 suspension of the suspected organism from culture, and if the organism 
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is : parasitic, it will produce death in 4 or 5 days,' -with miliary 'abscesses ; scattered' 
over ; the, visceraj the serous membrane, and* kidney! (Gay.) ’» 

"Guinea-pigs-. may be inoculated by superficial scarification. A mild dermatitis 
■will result in from 1 to 3 weeks.. The organism can be identified in the scrapings 
from the, lesions: . ■ ; 


Fig. 286. — Oidium Albicans 
(After Zettnow) 


METHODS FOE THE LABOEATOEY DIAGNOSIS OF DISEASES DUE TO 
l ;v ■ ASPEEGILLI AND PENICILLIA '• 

, • Many species of Aspergillus and Penicillin are found in Nature, and 'are among 
the commonest saprophytic molds. Their spores are practically ubiquitous, and 
therefore they may contaminate culture / . , ' . 

media; various uncovered specimens, open ■; vT^^V ■? ’’T 7TTO 
wounds, etc, • ■ ;■ ' ■ ‘ ■’ . v-’ 

...Many species have been described as 
pathogenic which are probably accidental, v-t r*-:: 
secondary, contaminants. y 

One, species of Aspergillus, the Aspergillus : ;j;i I •" .gy.- 

juinigalus, is. pathogenic, producing pulmo- 
■liary aspergillosis.' 

Collection of specimen, examination of „ nnr _ . , ' ' 

■ ■ - ■ ... , . , ,, , Fig. 286.— Oidium Albicans 

culture, and . animal inoculation should be (After Zettnow) 

conducted as described under Coccidia, the 

Aspergillus being associated with pulmonary and cutaneous aspergillosis. 

These molds are quite complex, are of large size, and are best studied by care-’ 
fully removing a portion of the medium upon which the mold ,is growing. This 
may lie placed on a slide and examined with the low power of the microscope. ,< 

. Aspergillus. — There are many species of Aspergillus, showing on culture media 
various colors, and developing a low velvety growth, black, white, yellow, etc. 
The Aspergillus fumigatus produces a brownish colony on neutral or' alkaline 
media, and slightly greenish colony on acid media. ' , 

On ’microscopic examination, tire mycelium is septate. Numerous aerial hyphae 
terminate in an expanded portion from which arise many short conidiaphors, at 
the end of .which are a chain of 4 or more round conidia. Ascospores are some- - 
'.limes seen (See Fig. 274) . , : ■ 

Penicillium. — The Penicillium is much smaller. When fully developed it pro- 
duces a dirty* greenish velvety growth. If a portion is examined under the micro- ' 

; scope a septate mycelium will be found with aerial hyphae which branch and 
rebranch, forming conidiaphors which terminate in 6 to 8. spores (See Fig, 2741. '. 

‘ ’Mucors. — The Mucors are a group of nonpathogenic molds, which ;are likewise 
commonly met with in contaminations of culture media, etc. They are' much- larger,: 
than the Aspergilli and Penicillia, and on culture media their hyphae resemble • 
Colton fibers, and the colonies look somewhat like tufts of cotton.. , 

From the main mass of the mold, aerial hyphae extend terminating in a. black, 
tiny spore-case visible with . the naked eye. / ’ 
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Under the microscope it will be seen to be made up of a covering or perithecium 
containing a large number of small lefractile spores. 

If the mold is examined under a coverglass the trauma will fracture the spore- 
case, and it will be seen as a collapsed capsule with the spores outside. Zygospores, 
the result of the fusion of lateral buds of adjacent plants, may be encountered. 

METHODS FOR THE LABORATORY DIAGNOSIS OF ACTINOMYCOSIS 

Actinomycosis is an infectious, granulomatous disease of animals, and. occasion- 
ally of man. The lesions may occur about the mouth and jaw, in the skin, the sub- 
cutaneous tissue, the lung, and occasionally other viscera. 

The laboratory diagnosis is accomplished by: (1) direct examination of the 
material for the actinomyces, unstained and stained, (2) culture. '■ 

Direct Examination. — 1. Secure a suitable specimen. , i 

If the lesions have broken down, discharges of pus or necrosing tissue may be 
collected and sent to the laboratory in a sterile container. 

It is preferable for culture, to aspirate an unopened, softened lesion, which 
will be free from contaminating bacteria. 

Temove tissue by biopsy and send to laboratory in a sterile container. 

In pulmonary actinomycosis, the sputum is examined. 

2. Spread the pus or material in a thin layer over the bottom of a sterile Petri 
dish. Salt solution may be added if necessary. 

3. Examine with the naked eye or hand lens for small grayish or sulphur- 
yellowish granules, less than a millimeter in diameter. These granules may be 
colonies of actinomyces. 

4. By means of a platinum loop, place a granule on a slide, and cover with a 
coverglass. Press out gently (Fig. 238). 

5. If the structural details are obscure, place 2 or 3 drops of 20% sodium or 
potassium hydroxide on the granule before covering. 

If the granules aie calcified, add a diop of concentrated acetic acid. This will 
remove the calcium, and make possible examination. 

6. Examine under the low power of the microscope, 16 mm. and 10 x ocular, « 
with the light somewhat diminished. 

If the granule is the Actinomyces bovis or the Actinomyces hominis, the center 
will appear darker and made up of interlacing mycelia, which end in radially 
arranged terminals (the rays). These rays are closely packed together, aie pear- or 
club-shaped, and are known as “the clubs.” 

7. The cover-glass _ can now be removed, the specimen dried and stained by 

Gram’s method as follows: 

Fic. 287. — Characteristic Types or Yeast-like Fuaci 

Ascomycetes: 1, saccliaromyces and Willia. No mycelium; reproduces by buds and ascospores, 

2, ctidomyces. Forms mycelium, reproduces by buds and ascospores. 

Tungi imperfecta: 1, cryptococcus. No mycelium. Reproduces by buds. No ascospores. 2, 
Momlia. Forms mycelium, reproduces by buds. No ascospores. . , . 

Colonies on honey agar are % natural size except Mycoderma lactis "Inch is natural size. 

Drawings X500 except Mycoderma lactis and endomyces fibuliger nhich are X250. (From 
Cay et al.. Agents of Disease and Host Resistance, Charles C. Thomas, Springfield.) 
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Stained Smears. — 1. Prepare thin smears of material, particularly from crudicd 
granules just described. 

2. Stain by Gram’s method. 

3. The central mycelium of the colony will slain gram-positive, the rluhi or 
bulbous ends will stain gram-negati\c, and such a gram-reaction is diagnostic of 
the Actinomyces (Tig. 289). 

Cultural Method. — 1. Secure a number of granules wash with salt solution 



Fic. 283 .— Actinomyces Granlle Crashed 
BENEATH A CoYEH CLASS 
(After Wright and Brown) 



Fic. 289 .— Acttsosivcotjc Granite is 
Pls, Stained to Show the Mtce- 
LIUM 

(From Kolle and Hrtsrh) 


and crush. If granules are not found, inoculate a portion of the specimen sub- 


mitted. 

2. Inoculate 8 or 10 lul>cs of glucose a' 
7.6 preferred) or blood agar. 



Fic. 290.— Branching Filaments of 
Actisomyces 
(Afier Wright and Brovm) 


;ar (1 $> glucose glycerin agar pH 7.3 to 

3. Culture half the tubes anaerobi- 
cally; the others aerobically in an 
incubator at 37° C. 

4. Examine after 4 or 5 days for 
colonies of the fungus. At first the 
colonies arc small , dry, opaque, while 
or grayish in color, adherent, and with 
a somewhat irregularly roughened sur- 
face. 

5. Subculture typical colonies to 
obtain pure culture fur tw in biologi- 
cally proving the organism. 

6. After subculture, prepare smears 
and stain by Gram’s method. 

The organism is Gram-positive, and 
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appears as a number of dichrotomously-branched filaments. “Clubs' 5 are not found. 

If no growth occurs in 2 or 3 weeks, cultures may be considered negative. 

7. To biologically prove the oiganism, inoculate duplicate sets of the pure 
cullure on various laboratory media, and glow both anaerobically and aerobically 
in an incubator at 37° C. 

Cultural Characteristics. — Actinomyces Bonis. — Actinomyces bovis grows in 
anaerobic environment, the growth being greatest in stab cultures and shake cul- 
tures at a depth of I to 2 cm. It produces acid and no gas on lactose, maltose, 
glucose and salicin. Indol shows negative result. Nitrates are reduced. Litmus 
milk is noL changed, gelatin shows slow liquefaction. Lofiler’s blood seium is not 
pitted. 

Actinomyces Ilominis. — Actinomyces hominis is similar to A. bovis, but is 
aerobic. Sugars aie not fermented; on litmus milk there is slow peptonization with 
alkaline reaction. Gelatin and Lofller’s blood serum are not liquefied. 

Many Actinomyces are found growing in nature which are nonpathogenic, and 
may be encounteied. 

METHODS FOR THE LABORATORY DIAGNOSIS OE MYCETOMA - 
' (MADURA FOOT) 

Mycetoma is a suppurating granuloma of the foot, closely lelaled to actinomy- 
cosis. t 

1. The seeming of specimen, technic of examination and culture are similar to 
those described under Actinomycosis. 

The granules found in the pus of Madura foot are usually black, although they 
xnay be yellowish, greenish oi red. 

A large number of fungi have been isolated, in addition to 13 species of 
Actinomyces, many of which are saprophytes. 



CHAPTER XXI 


METHODS OF EXAMINATION OF THE SKIN AND MVCOVS 
MEMBRANES FOR ANIMAL PARASITES 


By Edwin S. Gault 


CLASSIFICATION 


I. Protozoa. 

Leishmania tropica, producing oriental sore (Delhi boil). Examine stained 
smears of material from the lesions for the intracellular Leish man- Dono- 
van bodies. See page 510. 

Leishmania braiielicnsis, causing "espundia” in South and Central America. 
Diagnosis made by examining stained smears of material from the muco- 
cutaneous lesions for the intracellular Lcishman-Donovan bodies. See 
page 510. 

II. Helminthes, 

Onchocerca volvulus (Filar in volvulus ) , producing a form of filariasis in 
Africa and South America. Diagnosis is established by demonstration of 
the microfilaria from the subcutaneous nodules by aspiration. Microfilaria 
volvulus measures 325 micro. It is an unsheathed embryo. The body sub- 
stance contains numerous nuclei except at the tail end. 

Dracunculus medinensis ( Filarin medinensis), commonly known as the 
guinea-worm. The adult female inhabits the subcutaneous tissue of the 
lower extremity of man. The infestation is common in Asia, Africa, South 
America and the West Indies. The diagnosis is usually made clinically or 
by the appearance of the worm within the subcutaneous tissue. The larvae, 
however, may be collected after the worm has matured, and examined for 
identification. 

Enterobius vermicularis, seatworm. Examine the skin of the perianal region 
for ova and p3rts of the adult worm of the parasite, 
in. Arthropoda. 

In this group many species are met with of medical interest. Most, however, 
do not result in an infestation of the skin, but are important os vectors or 
invertebrate carriers of bacterial, protozoal, virus or rickettsial diseases. 
The paragraphs that follow include only members spending part or oil 
of their life cycle within or upon the skin. Brief mention will be made of 
the more important species, with methods of diagnosis. For more com- 
plete information as to biological characteristics, the reader is referred to 
textbooks on medical zoology and entomology. 
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1 IDENTIFICATION OF MITES 

- Sarcoptes scabiei, the itch mite 
Trombicula irritans, harvest mite 
Trombicula akamushu vector of tsutsugamushi feyer 
Liponyssus bacota. tropical rat mite 
Trombicula holosericeum, the European harvest fly 
Pediculoides ventriculosis, the grain mite 
Glyphagus domesticus, sugar mite. 

Laboratory Diagnosis. — A simple and rapid method for detecting shin mites is 
carried out by means of a scraping in paraffin oil by the method of Benbrook: 

1. Sterilize a scalpel or other scraper in alcohol or gas flame. Cool by dip- 
ping into waler. Dry. 

2. Place a drop of paraffin oil in the center of a microscope slide. 

3. Dip the scalpel in the paraffin oil drop (an oily scraper will pick up a speci- 
men more easily than will a dry scraper). 

4. Pinch a fold of skin showing lesions, between the thumb and forefinger, and 



Fig. 291 . — Acarus Scabiei (Ventral Surface) 

A. Female. B. Male. X100. (From Scliamberg, Diseases of the Skin and Eruptive Fevers, 
W. B. Saunders Co.) 

scrape the crest of the fold with oily scalpel blade until lymph begins to ooze. 
Avoid drawing gross blood. 

5. Transfer the scraping from the scalpel to the drop of oil on the slide. 

6. Apply a coverglass to the drop with the aid of forceps. 

7. Systematically examine the material under the coverglass, using the low 
power of the microscope and rather low illumination. The oil renders the skin 
scales transparent and parasites appear rather prominently. Mites may live for 
several days in such a preparation. In some cases, several scrapings may be neces- 
sary in order to find them. 
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8. Ce/tain of the larger mites may be seen upon gross examination by scraping 
the lesions with a dry scalpel or knife blade and placing the scraping upon a piece 
of black paper or cloth exposed to sunlight and warmth. The mites may be seen 
as tiny white dots moving about. This method, of course, cannot he depended upon 
for an accurate diagnosis. 

Aids to the Species Identification of the Mites . — Sarcoptes scabiei, the itch 
mite. This parasite produces scabies in man and mange in animals. The female 
Scabiei enters into the skin, producing burrows in which she lays from 15 to 50 
eggs. These burrows measure I to 10 mm. in length. The usual location for the 
infestation is the thin skin between the 
fingers ami toes, and about the inguinal 
and genital regions. The eggs measure about 
It micro in length. 

In scrapings from the skin the adult 
female will J>c readily seen as a small oval 
mite. 400 miern in length. The male is much 
smaller and is similar to the female in shape. 
The head, thorax and ahdomeu ate fused. 
There ore four pair of legs. The parasite 
is without eyes. See Figure 291. 

Trombicula irritans, harvest mite, red 
hug or chiggcrs. This mite produces a red 
itching wheal, usually witii minute red spot 
in the center. The parasite penetrates the 
skin and feeds on the blood of the ho*t. 
The mite is reddidi, oval in shape, and has 
four pair of legs, a hairy body and pedunculated eyes. In Japan a similar 
species, T. ahamushi, is important in the spread of a typhus-like disease known 
as “Japanese river fever,” tsulsugamushi. T. hotosericeum is the harvest mite of 
Europe. 

Liponyssus hacola is of importance in the tropics, bring partly responsible for 
the spread of typhus from rat to rat. 

PeniUculoides ventriculosis is associated with wheat straw, producing skin 
lesions and at times irregular fever among the individuals coming in contact with 
the infested, straw. The grain at straw itrfi mite ptadji/iw." owirodacmatitis urti- 
carioides (Scltamherg) is shown in Figure 292. 

Glyphagus domeslicus is the food mite, commonly found in sugar, producing in 
individuals handling such infested food “grocers’ itch.” 



(From Scliamtierp, Disensei of the Sim 
and Friiptn e Friers, W. B. Saunders Co.) 


IDENTIFICATION OF TICKS 

There are a number of species of ticks which are pests that infest mammals, 
birds and men. They are primarily of importance as carriers, but the wounds pro- 
duced by their bites may become secondarily infected with bacteria. They are 
1 to 4 mm. in length, flat and oval, lending to taper toward the anterior end, with 
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no division between the cephalothorax and abdomen. They engorge themselves with 
blood through a heavily armaluxed piercing-organ, the hvpostome. • 

Ornithrodorus Moubata.— This is an oval, yellowish-brown tick. It is found 
on mammals a* well as birds, and is important as a vector of West African re- 
lapsing fever in man. 

Dennacentor Andersoni, Wood Tick. — -This is reddish-brown in color, oval, 
6 mm. in length. The male shows white and ‘black markings. It is found in the 
western part of the United States. It infests domestic and wild animals, but is an 
impoilant vector in the transmission of Rooky Mountain spotted fever and 
tularemia. 

IDENTIFICATION OF TONGUE WOEM 

Linguatula Serrata, the Common Tongue Worm. — The larvae of this arach- 
noid is occasionally found in man. The adult female measures 10 cm. in length, 
and usually occurs in the nasal passages and frontal sinuses of carnivora, occa- 
sionally horses and sheep. 

The adults rarely infest man. Man acquires the infestation by swallowing the 
ova from infested animal secretions. The ova hatch out in the intestine, and the 
larvae eventually reach the liver or nasal cavity and sinuses of man. The larvae 
are about 5 mm. in length, slightly flattened longue shape and tapering at the end. 

IDENTIFICATION OF FLEAS 

A number of species are present in birds and mammals. They are impoitant 
as vectors of disease. Only one species (Tunga persitans) infests the skin of man. 

Rat Flea. — This is important as vector of bubonic plague, from rat to rat 
and from xat to man. The fleas act as an intermediate host and vector for the 
dog tapeworm. Dipylidium craninum. 

Tunga Persitans. — The female flea burrows into the skin of animals and birds 
and occasionally man. The infestation is confined to the topics. 

IDENTIFICATION OF LICE 

This group of biting and sucking parasites is probably important as vectors of 
relapsing fever, trench fever and typhus fever. Three important varieties are 
found in man. The ova when laid are attached to hairs or clothing, and are spoken 
of as “nits.” Examination of the nit under the microscope will reveal an oval 
structure with an operculated end, the blunt end being attached to the hair. The 
eggs batch in from 7 to 10 days. 

Pediculosis Capitis, the Head Louse. — This is found in the hair of the head. 
The size is from 1 to 2 mm. in length, and nits 0.6 mm. The diagnosis is made by 
finding the parasites or examining the hair for the nits. The infestation is spread 
through combs, brushes, hats, etc. For morphology see Figuie 293. 

Pediculosis Corporis, the Body Louse.— It measures from 2 to 4 mm. in 
length, the nits 0.8 mm. It attaches itself to the underclothing, particularly the 
seams. The infestation is spread through interchange of wearing apparel. This 
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parasite is of importance as a vector of disease. For morphology sec Figure 291. 

Pediculosis Pubis, the “Crab" Louse. — It receives its name because o! the 
claw-like extremities. It measures 0.3 to 1.2 mm. in length. It selects the hairy 
portion of the body about the genitalia. The ova arc attached at the base of the 



Fic. 293.~pEtnon.us Fic. 29 *.— Pedioxus Corporis Fjc. 295.— Pedicclus Push 
Capitis 

(From Schamberg, Diseases of the Skin and Erupt it e Fevers, W. B. Saunders Co.) 


hairs and measure 0.8 mm. The louse is usually transmitted by direct contact. Its 
morphology is shown in Figure 295. 

IDENTIFICATION OF FLIES ' 

Many species of flies are of medical interest. A large number ore important as 
vectors of disease; others are important because of their bite. 

In the skin the infestations are limited to the larval forms. At least two varieties 
actually burrow into the skin, producing tissue-destruction resembling a boil- 
Other species deposit eggs in open wounds or in the various cavities of the body. 

The infestation of fly larvae into the skin is known as cutaneous myiasis. The 
chief species responsible for wound myiasis are: 

The green bottle fly, Lucilia caejar. 

The common blow fly, CaUtphoca tionuloria. 

The meat or flesh flies, Sarcophaga carnara and group. 

The American screw worm, Cocliliomyia macellaria (Chrysomyia macellatia} 
and rarely others. 

True Cutaneous Myiasis. — Dermatnbia hominis, a fly indigenous to tropical 
America. The adult is a little over 1 cm. in length. It has a bluish-green abdomen 
and dull brownish wings. 

The method of transmission to man is not well understood. The larvae bore their 
way through the skin, and in the subcutaneous tissues produce a lesion resembling 
a boil. 
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} 

The diagnosis is made by finding ihe larvae upon incising the boil. When full 
grown the larva is 32 nun. in length. The head end is armed with a number of 
spines. It tapers at the posterior end. 

Cordylobia anfhrophaga, the lumbu fly, indigenous to Africa. The adult is a 
yellowish color with black markings. The living larvae are deposited directly on 
the skin of animals or man. This they penetrate producing a boil-like lesion. 
When full grown, the larvae are about 1 cm. in length, yellowish-white in color, 
with an anterior pointed end provided with spines and a rather blunt posterior 
portion.'- 

The diagnosis is made by demonstration of the larvae upon incising the lesion. 

METHODS FOE IDENTIFICATION OF PROTOZOA FOUND IN THE MOUTH 

Endamoeba Gingivalis. — This amelia has a wide geographical distribution, 
and is frequently found about the teeth, particularly those undergoing caries, and 
in tartar accumulations. 

The oiganism is similar in morphology to the Endamoeba histolytica. It meas- 
ures from 10 lo 20 micra. It has v ell-marked motility. The pseudopodes are short 
and rather blunt. The ectoplasm is distinct. The organism ingests cell-fragments 
fiom food, and may even ingest red cells. The nucleus is much like that of the 
Endamoeba histolytica. See Figure 269. 

Method of Examination. — Scrapings from about the teeth, bits of tartar are 
selected, and examined for the tiophozoite (motile form) by direct stained and 
unstained method. 

Trichomonas Buccalis (Trichomonas Elongata) . — This flagellate is occasion- 
ally met with in material taken from about the teeth, particularly the tartar. It is 
practically identical in morphology with the Trichomonas inteslinalis, and is 
thought by some to be the same species. 

Method of Examination. — Material from about the gums or teeth, especially 
tartar, is suitable for examination, and may be examined by direct stained and 
unstained methods as given under Amoeba. 

METHODS FOE THE IDENTIFICATION OF PEOTOZOA FOUND 

IN THE VAGINA 

Trichomonas Vaginalis.— 1 This organism is quite frequently found in vaginal 
secretions or exudates which arc acid in reaction, but arc probably not pathogenic. 
They are similar or identical in structure with the T richomonas intestinalis. See 
page 262. They measure 15 lo 25 micra long and 7 lo 32 micra wide. , 

Method of Examination.—' The vaginal secretions or exudate are examined by 
direct stained or unstained methods for the motile forms as under Amoeba. 

URINARY MYIASIS 

Urinary myiasis has been described, but is extremely rare. It is due to some • 
groups of diplera. 



CHAPTER XXII 


METHODS FOR THE PREPARATION OF BACTERIAL 
VACCINES AND BACTERIOPHAGE 

In this chapter are described methods for the preparation of such autogenous 
and stock bacterial vaccines or baclerins as may be required of a clinical labora- 
tory. The tuberculins, diphtheria and tetanus toxoids, scarlet fever toxin, etc., 
may be obtained commercially and are omitted. 

Preparation of Cultures. — 1. Freshly isolated organisms arc preferred. 

2. The method employed for making cultures is very important in order to 
secure the organism or organisms responsible for infection. Faulty methods may 
result in securing only saprophytes or contaminating organisms and defeat the 
purpose of vaccine therapy at the outset. Methods are dcscrilwd in Chapter XV. 

3. It is particularly important to u<c the proper medium and especially when 
infection with fastidious organisms is suspected (streptococci, pneumococci, gono- 
cocci, etc.). Blood agar or gluco«c hormone broth are recommended for routine 
use. The preliminary examination of a stained smear of pus or other material 
is advised and aids in choosing the proper medium. 

4. Incubate cultures for 21 to 43 hours; examine smears stained by the Gram 
method. 

5. If more than one organism is present, secure each in pure culture by plating. 
While the vaccine is being prepared, subcultures of each may be subjected to final 
identification. 

6. When an organism shows both smooth nnd rough colonies, select the former 
for the vaccine. 

7. Cultivate the organism or organisms on slants of solid medium until sufficient 
growths are secured; or cultivate in a broth medium and centrifuge thoroughly. 
Discard the supernatant fluid and use the sediment of bacteria. 

3. Fxamine each culture by stained smear lor purity. 

Selection of Organisms. — 1. In mixed infections with two or more organisms 
a selection must be made of those to be incorporated in autogenous vaccines. Do 
not use spore-forming bacilli (like#, subtilis) or saprophytes (like B. prodigiosus, 
diphtheroids, etc.). Organisms of secondary' infection may be included. 

2. Intracutaneous tests with indivdual vaccines of each organism are sometimes 
employed for aid in selection on the principle that only those yielding positive 
allergic reactions should be employed as indicative of infection (see Chapter 
XXXI). Great care is required since skin reactions may be purely inflammatory 
and nonspecific, or due to the presence of toxins for which there are insufficient 
540 



; f . ; , . METHODS FOR VACCINES AND BACTERIOPHAGE 511 V;" 

amounts of anlitoidn in the blood. The exact value or status of the method is as" 
yet unknown. . : , - • ■' . . ' ‘ y-v 'V" 

. The Heist-Cohen Pathogen-Selective Method.—Tiiis method may be helpful 
‘ on, the, basis that only those organisms capable of surviving and growing in the 
whole coagulated blood of the patient are apt to be infective. It, is possible, how- 
A ever, tha t an organism unable to grow in the blood or produce septicemia may 
. still be able to produce, local infection. ' 

1. Secure material to be cultured on sterile swabs (from hose, tonsils, extracted 
. teeth, tooth sockets, sputum, pus, etc.), and rub each swab on the bottom of dry 
. sterile tubes into which one or two- drops of broth have been placed. ■ ' : • , 

■= 2. Then place the swabs into tubes of hormone broth medium for controls and 

: also for use in preparing the vaccine. 



Fig. 296. — Preparation of a Bacterial Vaccine 
’ (From Kolmer, Infection, Immunity and Biologic Therapy, W. B. Saunders Co.) 

3. Immediately secure from 10 to 12 c.c. of blood from a vein at the elbow of >, 
. the patient with a ; sterile syringe and with aseptic precautions. 

. ., 4. Place 3 to 5 c.c.. of blood in each tube in which material has been smeared. : 

5. Incubate die blood , and the control tubes for 24 hours. Examine each by 
. smear. If necessary, plate each on blood agar for identification of organisms. Also A 
, inoculate a tube of hormone broth from each blood tube showing a growth as a 
. V check on. the plate and for preparing the vaccine. , 

. 6. The vaccine is now made up by mixing 1 part of the original broth, culture 
- and 9, parts of the broth subculture of die blood. 

7- Count the mixed suspension and finish up the vaccine according to steps 3,. 
4, 5 and 6 of. the Kolmer method described on page 54 9. . 

. A. ‘ -A -, , PREPARATION OF SUSPENSIONS -A -y 

, 1. If a solid medium is used, cover the growth on one of the tubes with sterile y 

salt solution, taking precautions against contamination. Bring the organism into 
■ suspension either by shaking or with a platinum loop (Fig; 296) . ... - , 
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(same as above) to 101 to give a 1: 200 dilution. After thorough agitation, divan! 
a few drops and place a drop into the counting cell. Adju«t the cover glass aud 
allow 15 minutes for thorough settling. Make a count of 10 to 20 squares with 
the following formula; 



n 

> V, 


total bacteria counted X 200 X 20,000,000 . 

i p = bacteria per c.c. 

number of small squares counted 

34. Place the counting chambers and cover slides in 2% 
cresol for at least 5 minutes before wiping. Clean the pipets in 
the same before drying. 

15. After counting, the vaccine is sterilized and diluted to 
proper strength as described on page 517. 

Wright’s Method. — 1. Make a mark on the stem of a caprl- 
lary pipet about one inch from the tip and fit a rubber bulb 
(3 to its barrel. 

2. Cleanse and prick the finger. 

3. Draw up inlo the capillar) pipet sodium citrate solu- 
tion to the mark on the lip. Then draw a little oir in, then 
Mood from the finger up to the mark. Draw a little oir in 
to separate the solution, next draw bacterial suspension up 
tu the mark (Tig. 299). 

4. Expel the contents of the pipet on a glass slide or in 
a watch glass and mix thorough)) l»y a«pirating and re - 
expelling about a do/cn times (Fig. 300). 

5. Make two or three thin films on slides in the s3mc 
manner as described for blood smears (Fig. 301). 

6. Dry in air and fix with a saturated solution of corrosive 
sublimate. 

7. Wash and stain with dilute carbolfuchsin (1:10) or 
carbolthioriin for 2 to 5 minutes. 

H. Wash and dry. 

9. Examine only satisfactory films which show bacteria and 
blood cells in approximately the same numbers and free from 
bacterial aggregate (Fig. 302). With oil-immersion lens count 
the number of corpuscles and bacteria in a number of fields, 
or until 500 corpuscles have been counted. Mark down the 
number of cells and bacteria counted separately and total 
each at the end. 

10. Calculation: Let us assume that 500 red cells and 1000 
bacteria have been counted. One c.mm. of blood contains 
approximately 5,000,000 red corpuscles and equal volumes of 
blood and emulsion were taken. One cm of the emulsion, 
therefore contain, SjOOOTOOXJOOO _ lg0mgB0 OIg> „; !ms 

per c.mm., or 10,000,000,000 per c.c. 

11. Dilute to proper strength and sterilize (page 547). 






■ V ■< tv 







.. s, y „ ..,,,,. -. FiC; 300.~Mixt?;a toe Contents of a Ihrcr .'- •-'■J'"}\ v % . : j'-v'-: 

v/^||^F^)ift'-|Colmer; injectfoiKJmmnhy and Biologic Therapy , W. p. Sounflers Go.) 

4' to 10 p.c., of 1 salt solution, keeping accurate ^cord. of the;^,na] 

:idU.utibn. ; '’'. ; ,‘ ! ’,Y " V, V -' v , *' ‘‘ -" 

Yfh'vvYvY' YY--Y v" _■ ' -r i — 'Ahlik^tvY QlvaW wpll Before 'eomb£trihi&. : - 


i‘ ’4* ;,'Copipare /ivith lubes of nephelornete. . — - — ■ . , , .. 

'". "^ .Calculation: Multiply Oie nuniBer of.hacteria ^represented by the nephcloinc- 
'.'f;lb^tiibd f 'which correspond^ yntlf thb .density ‘ of .tlife bacterial suspension vbydhe., 
; hjilut[on 'of the bacterial suspensipn^Fpr exariiple,. ‘assume that the. density ...of 
’A - bacterial' ^Spensipn^ corresponds to the; No,-* 3 tube ; of <the nephelometer and * fy0xp^ 
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making comparison it was diluted 8 times. No. 3 tube corresponds to 1,000,000,000; 
8 times this number equals 8,000,000,000 bacteria per c.c. Or simply dilute vaccine 
to correspond in density to tubes 3 to 4 of the nephclometer to secure approxi* 



Fic. 301. — Shears ron Vaccine Counts 
(From Kolmer, Infection, Immunity ami Biologic Therapy, W. D. Saunders Co.) 


a 




b 


matcly 1,000,000,000 per c.c. for adults; or to correspond to tubes 1 to 2 to secure 
approximately 500,000,000 per c.c. for children. 

6. The nephelometer is prepared as follows: 
(a) Arrange 10 test tubes or ampules of uni- 
form size in a rack, and label 1 to 10. 

|/\ ~ ^ ? * * I (b) Add the following amounts of a l r /r solu- 

" ' A d tion of chemically pure barium chloride: To 

tube No. 1, 0 1 c.c.; tube No. 2, 0.2 c.c; and so 
on, increasing 0.1 c.c. in each. 

(c) Add sufficient of a 1% chemically pure 
sulphuric acid solution to make the total rolume 
10 c.c. in each tube. 

(rfj Seal the tubes or ampules. 

(e) When tVie fine white precipitate of barium 
sulphate, which has formed in the tubes, is shaken 
up well, each tube will bare a different density, 
increasing from Nos. 1 to 10. The density of 
the tubes corresponds approximately to bac- 


0" K 
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Fic. 302 . — Counting Vaccine 
(From Kolmer, Infection, Im- 
munity and Biologic Therapy, W. 
B. Saunders Co.) 


terial suspension, as follows: 
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No. 1: 300,000,000 

No. 2: 600,000,000 

No. 3: 900,000,000 

No. 4: 1,200.000,000 
No. 5: 1,500,000,000 


No. 6: 1,800,000,000 
No. 7: 2,100,000,000 
No. 8: 2,400,000,000 
No. 9: 2,700,000,000 
No. 10: 3,000,000,000 


7. If vaccines are prepared of broth cultures, the nephelomeler should be pre- 
pared with 1% sulphuric acid in broth in order to convey the color of the latter. 


DILUTING, STERILIZING AND PRESERVING VACCINES 
Chemical Sterilization. — 1. Vaccines sterilized with tricresol, cresol, merthio- 
late or phenol without the aid of heat are commonly regarded as being more 
antigenic than' heat-killed vaccines. 



Fic. 303.— Nephelojieter 

(From Kolmer, Infection, Immunity and Biologic Therapy, W. B. Saunders Co.) 


2. Tricresol is recommended in a final concentration of 0.5% for sterilization 
and preservation. A saturated solution (approximately 5%) in water may be em- 
ployed, adding 1.0 c.c. for each 10 c.c. of vaccine to give the final concentration 
of 0.5%. 

3. Proceed as per the following example: 20 c.c, of vaccine containing 
1,000,000,000 per c.c. is desired. The suspension contains 2,700,000,000 per c.c. 


1000 X 20 


= 7.0 c.c. of suspension to be used 


2700 
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4. In a sterile vial or }>otlle containing a lew glass beads place: -7 c.c. ol sus- 
pension; 2 c.c. of 5 % tricresol; 11 c.c. of sterile saline. 

5. If the vaccine is to he a mixed one, prepare separate vaccines of each or- 
ganism in this manner and then mix equal parts of each. 

6. Stopper with a sterile rubber cap, mix and place in the incubator at 37° C. 
for 21 hours. 

7. Remove 0.5 c.c. with a sterile syringe and needle and place in a flask of at 
least 50 c.c. of a suitable broth medium for sterility test. Incubate 2 V to 48 hours 
and dispense the vaccine as ready for administration if sterile. 

8. If not sterile, reculture the vaccine. As a general rule, 21 hours -at 37® C. arc 
sufficient unless spores are present. 

Sterilization by Heat. — 1. Stopper the vial or bottle with a rubber cap and 
immerse in a bath of cold water reaching above the level of the vaccine. 

2. Place a thermometer in the bath, rai«« the temperature up to 00® C. and 
maintain it for one hour. 

3. Make a culture of the vaccine for sterility as described above except that a 
tube of broth may be used. 

4. II not sterile, the vaccine may be reheated for another hour although this 
may reduce its antigenic activity. As a general rule, one hour at 60° C. is suffi- 
cient unless contaminating spores are present, in whicli case it should be discarded. 

METHODS FOR DISPENSING VACCINES 

1. It is quite convenient to dispense vaccines in vials or 9mall bottles (Fig. 301), 
stoppered with rubber caps, and labeled with name of organism and number 
per c.c. 

2. The first dose may be of 0.1 c.c. and subsequent doses gradually increased, 
as by 0.1 or 0.2 c.C-, according to reactions. These amounts are readily removed 
with a suitable syringe and needle after disinfecting the rubber cap with tincture 
of iodine or some other suitable disinfectant. 

3. Some physicians prefer having vaccines dispensed in ampules (Fig. 305). 

4. The designated doses, as 0.1, 0.2, 0.3, 0.4, c.c., etc., are placed in small 
sterile ampules with a sterile pipet and the volume in each brought up to 1 c.c. by 
adding tricresolized saline solution (0.3 c.c. of tricresol in 100 c.C. of saline). 
The neck of each ampule is then seated in a flame and each labeled with a number 
^or the dose. 


PREPARATION OP CULTURE FILTRATE VACCINE 

1. The soluble exogenous toxins or their toxoids are highly antigenic and 
sometimes used as vaccine. In autogenous vaccines these refer especially to the 
toxins of staphylococci and streptococci. 

2. Cultivate the organism in bioth at 37® C. for at least 4 or 5 days. 

3. Filter through a small sterile Berkefeld or Mandler filter. 

4. Test the filtrate for sterility by culturing 0.5 c.c. in a tube of broth for at least 
24 hours. 




Co.) ■ , 

5. Do not heat, as this destroys some toxins. . , 

6. For preservative, add 0.6 c.c. of 5 % tricresol to each 10 c.c. of filtrate or 

tlie filtrate may be used without a preservative if due precautions are taken against - 
contamination. ■ . ' . 

7. The first dose for an adult . should not exceed 0.05 c.c., as these’ vaccines 
produce more local and systemic reactions than ordinary heat-killed vaccines... ■' 

8. If necessary, the filtrate may he diluted with tricresolized saline (0.3 c.c. , 

tricresol in 100 c.c. of saline solution). , '• 

THE KOLMER METHOD FOR THE PREPARATION OF' AUTOGENOUS VACCINES , • 

1. This method is based upon employing any exogenous toxins produced by 

bacteria as well as the organisin' themselves. .. . \ y 

2. A pure culture of the organism is cultivated at 37° C. for at least .4 to 5 davs ■ 

in a hormone broth medium (do not use serum or blood broth). If there are 2. or, 
more organisms, each is grown, separately in, pure culture and made . up into sepa- 
rate vaccines, which are finally mixed together in equal proportions' to . give a . 
single vaccine of desired numerical strength." - . ; , 
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3. The broth culture is counted by the counting chamber or Wright method 
described above or estimated by a nephelometer prepared with broth. 

4. Proceed as per following example: 20 c.c. of vaccine containing 1,000,000,000 
per c.c. are desired. Count or estimate show's 5,200,000,000 per c.c. 

1000 X 20 . 

g 20 Q — ~ 0.0 c.c. of suspension to use 

5. In a sterile vial or bottle containing a few glass beads place: 3.6 txc. of 
broth suspension; 2.0 c.c. of 5 $> tricresol; 14.4 c.c. of sterile saline. 

6. If the vaccine is to be a mixed one prepare separate vaccines of each organism 
in this manner and then mix equal parts of each. 

7. Stopper with a sterile rubber cap, mix and incubate at 37® C. for 21 hours. 
Do not heat at 55° to 60° C. as this destroys thermolabile toxins and particularly 
those produced by staphylococci. 

8 . Culture 0.2 r.c. in at least 50 c.c. of a suitable broth medium for sterility. 

9. If sterile, the vaccine is ready for administration. 

10. Vaccines prepared by this method ore of a light brown color and may give 
slightly more local reaction ot the site of infection. The first dose may be 0.1 or 

0.2 c.c- and subsequent doses slightly increased. 

PREPARATION OF TYPHOID PARATYPnOID VACCINE 

1. Use the Panama carrier strain of D. typhosus (National Institute of Health 
No. 58) ; the kessel strain of B. paratyphosus A and the Rowland strain of B. para- 
typhosus B. These may lie obtained from the Army Medical School, Washington, 
D. C. 

2. Culture each strain in a tube of broth and examine for purity. 

3. Inoculate Blake bottles of agar with each strain if a large amount of vaccine 
is to be prepared; for smaller amounts inoculate 21 slants of agar with B. typhosus, 
24 with B. paratyphosus A and 21 with B. paraly phosus B. 

4. Incubate for 2 to 3 days and examine for purity. 

5. Prepare separate heavy suspensions of the 3 organisms by washing off the 
agar cultures with appropriate amounts of sterile saline solution. 

6. Shake each suspension with sterile glass beads to break up clumps and filter 
each through sterile paper. 

7. Count each suspension by the counting chamber method described above. 

8 . The finished vaccine should contain in each c.c.: 

1,000,000,000 B. typhosus 

750,000,000 B. paratyphosus A 

750,000,000 B. paratyphosus B 

9. Proceed as per the following example: It is desired to make 500 c.c. of fin- 
ished triple vaccine. Count of typhoid susj»ensSon is 8,200,000,000 per c.c. Count 
of para A suspension is 6,500,000,000 per c.c. Count of para B suspension is 

7,900,000,000 per c,c. 
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1000 X 500 
8200 


= 61 c.c. of typhoid suspension to be used 


750 X 500 
~ 6500 


= 57.7 c.c. of para A suspension to be used 


750 X 500 
7900 


47.5 c.c. of para B suspension to be used 


10. In a sterile bottle place : 61 c.c. of typhoid suspension ; 57.7 c.c. of para A 
suspension; 47.5 c.c. of para B suspension; 75 c.c. of 2 % solution of tricresol; 
258.8 c.c. of sterile saline solution. 

11. Mix well. This gives 500 c.c. of triple vaccine of the desired strength of 
each organism preserved with 0.3 /o tricresol. 

12. Place the bottle in a bath of cold water reaching above the level of the 
vaccine. 

13. Place a thermometer and heat at 53° C. for one hour. 

14. Culture 1 c.c. in a small flask of broth for sterility: incubate for 48 hours. 
Make anaerobic 'culture and inoculate a rabbit and mouse for additional tests for 
sterility. 

15. For adults the doses at weekly intervals are as follows by subcutaneous in- 
jection: 0.5, 1.0 and 1.0 c.c. 


PREPARATION OF UNDENATURED VACCINES (KRUEGER) 

Denaturation of bacterial proteins by heat or chemical changes in the prepara- 
tion of vaccines may result in a reduction of antigenic activity. To prevent these 
changes Krueger 1 has devised a method for fragmentation of bacterial cells and 
putting into solution or suspension the cellular components. The technic is some- 
what too complicated for the average clinical laboratory; the principles are as 
follows (consult refeience for technical details) : 

Mass cultures of bacteria are grown on Blake flasks on appropriate media. The 
cells are harvested in buffered isotonic solution and thoroughly washed free of 
metabolites. After the final centrifugation the bacteria are suspended in the buffer 
solution and the cell count made. The dense suspension is placed in a special type 
of ball mill and mechanically disrupted over a period of 10 to 18 hours. Residual 
cells are removed by ultra filtration through acetic collodion membranes of such 
porosity that all intact bacterial cells are held back while mateiial in solution or 
in a finely dispersed phase passes through without substantial reduction in con- 
centration, such as occurs when filler candles are employed (adsorption). The 
water-clear filtrate contains those constituents of the live bacterial cell put into 
solution or suspension by physical rupture of the cell membrane. There have been 
excluded immunologically undesirable constituents, such as metabolic products and 
degradation products resulting from the heat or chemical treatment of the bacteria 
employed in orthodox methods of vaccine preparation. The final solution is stand- 
ardized on the basis of its nitrogen and protein content. 

1 J. Infect. Dis., 1933, 53:237. 
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ISOLATION AND PREPARATION OF BACTERIOPHAGE 
Filters. — 1. The Berhefeld 3\V ami 5W are recoimnemletl, tfie 5W filter candles 
for small volumes and the 3W for larger amounts. The tot tube containing; the 
filtrate may be replaced liy an empty sterile tube anil the filter used 2 or 3 times 
for succeeding generations if the material is not too cloudy. 

2. When the new filters are received the chalky deposit is removed from the 
outside by scrubbing gently under running water with a fine brush (nail brush) 
which has not been used with soap. Then the filters are boiled 15 to 20 minutes 



Fic. 306. — Menton or Filtration for the Preparation or Bmttoitophace 


(I) mantle; (2, 3,4, 5) filter; (6) perforated rubber stopper; (7) neck of filter; (8) per 
foraled rubber stopper in lest tube (II) ; (12) filter flash wiih side-arm; (13) perforated rubber 
stopper in air-exhaustfon bottle (14); (15) faucet; (16) connection for suction pump (17). 


in distilled water 3 times. Tin's tends to neutralize the filters and to cleanse them. 
The mantles are washed with soap and water and allowed to drain until they 
are dry. 

3. They are assembled according to Figure 306. For ordinary set-ups a regular 
test tube bolding 15 to 20 c.c. is used but in preparing a large volume a larger 
test tube holding about 60 c.c. is u«ed. The air is drawn out of the Erlen- 
mejer flask by the use of suction and then out of the test tube through the 
second hole and between the two corks producing sufficient suction for filtra- 
tion. The airway is so narrow and well protected that the filters when a««embled 
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and sterilized may be kept without being wrapped for several weeks before being 
used. 

4. After being assembled the filters are sterilized in a steam autoclave at 121° C. 
for 1 hour. 

5. After use the filters are dissembled and the 3 parts, the candles, mantles, 
and corks are boiled separately in tap-waler for 20 minutes to disinfect them. If 
necessary they are autoclaved before being dissembled. After the boiling the filters 
are scrubbed and boiled as when new, the mantles are washed with soap and water 
and allowed to dry and the corks are rinsed. Then they are again ready to he 
assembled. 

6. About "every fifth time they are used before the three boilings in distilled 
water the candles are attached to the suction pump and distilled water is run 
through them for a few minutes to cleanse the interior. 

Method for Isolation of Bacteriophage from Feces. — 1 . Disintegrate thor- 
oughly by suspending about 5 grams in 50 c.c. of broth (pH 7.4 to 7.8) and incu- 
bating 12 to 24 hours at 37° C. 

2. Then centrifuge to remove large particles and filter through infusorial earth: 
provide a funnel with a folded filter paper large enough to receive at one time 
the entire volume to be filtered. Fill the filter "with water to which has been added 
a small amount of infusorial earth. When the water has passed through, the paper 
is left coated with a thin layer of the infusorial earth, thus rendering the paper 
less permeable. 

3. Then pass the filtrate through a sterile Berkefeld or similar filter. This re- 
moves the bacteria and the filtrate should be tested for bacteriophage for B. coli, 
B. dysenleriae, B. typhosus, staphylococci, streptococci, etc., as detailed in the 
descriptions given below. 

Method for Isolation of Bacteriophage from Sludge and Sewage. — 1. These 
are the most common sources and a bacteriophage for the colon bacillus can be 
almost invariably obtained. 

2. Filter through paper or fine gauze to remove large particles. 

3. Pass filtrate through a sterile Berkefeld filter. Culture 1 c.c. in broth for 48 
hours for sterility. 

4. Or the following method may be employed: Inoculate a flask of broth with 
10 c.c. of sewage. Incubate ^over night. Pass through an infusorial earth filter and 
then through a sterile Berkefeld to remove bacteria. Inoculate tubes carrying 20 c.c. 
of double strength broth (pH 7.4 to 7.8) with 5 or 10 c.c, of filtrate. Incubate 24 
hours and filter through a sterile Berkefeld filter. The filtrate is then tested for bac- 
teriophage. 

Method for Testing Feces and Sewage Filtrates for Bacteriophage. — 1. 
Prepare a suspension of the test organism from 18 to 24 hour agar slant culture 
of such density that 0.1 c.c. added to 10 c.c. of broth will give a faint perceptible 
cloud. 

2. To each of 4 tubes carrying 10 c.c, of broth (pH 7.6-7.8) add 0.1 c.c. of the 
suspension of test organism. To 3 of the tubes add 0.5, 1, and 2 c,c. of the filtrate 
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to be tested for bacteriophage. The fourth tube is a culture control. To a fifth tube 
of 10 c.c. of broth add 0.5 cx. of filtrate as a control on its sterility. 

3. Incubate at 37° C. until there is a perceptible growth in the control (usually 
4 hours). Observe carefully for clearing (lysis): -| — f--j — f- = complete clearing; 
H — ! — f- = slightly cloudy; no sediment; ++ “perceptible clearing; some sedi- 
ment; + = slightly clearer than the control. 

4. Filter the first 2 tubes through sterile Berkcfclds. Continue incubation of the 
third tube overnight. A reading is then made using the same scale. If lysis is not 
4*+*M*» the process is repeated, using the filtrate obtained after the 4-hour 
incubation. When lysis is complete, a volume of phage is prepared, using the 
same materials and amounts, but setting up a large number of tubes. 

Method of Isolating Staphylococcus Bacteriophage from Fas. — 1. Place 
1 c.c. of pus in 20 ex. of broth or 5 c.c. in n flask of broth (pH 7.G-7.8) and in- 
cubate at 37° C. overnight. 

2. Filter through sterile sand, then sterile pajxrr and finally a sterile Berkcfcld 
filter (pus filtrate). 

3. Prepare a thin suspension of the staphylococcus in broth. 

4. In each of 5 sterile test tubes place 10 c.c. of broth (pH 7.6-7.15) . 

5. Add 0.1 c.c. of the bacterial suspension to the first four tubes. 

6. To the first three add 0.5, 1 and 2 c.c. of the pus filtrate respectively. Tube 
No. 4 is a culture control. To No. 5 add 0.5 c.c. of pus filtrate as a control. 

7. Incubate 4 to 21 hours and examine frequently. If bacteriophage is present 
lysis will occur in some or all of the first three tubes. No. 4 should show a good 
growth. No. 5 should be sterile and remain clear. 

Method for Testing and Dispensing Bacteriophage. — 1. Bacteriophage 
should not be used in treatment unless first shown to be lytic for the organism 
producing the infection. Commercial and stock phages should always be tested 
for lysis for the infecting organism before used. 

2. Cultivate the organism in plain or blood agar for 18 to 21 hours and prepare 
a suspension in broth. If the growth is scant, use broth. 

3. Place 9.5 c.c. of broth or asparagin medium in each of 2 test tubes. To both 
add 0.1 c.c. of the culture suspension sufficient to give a barely perceptible tur- 
bidity. To tube No. 1 add 0.5 c.c. of the bacteriophage being tested. 

4. Incubate both tubes at 37 8 C.; with staphylococcus or B. coli for 4 hours; 
with streptococcus about 6 to 12 hours. 

5. Examine the first tube for lysis. The second or culture control tube should 
show a growth with increased turbidity. 

6. If an asparagin bacteriophage is desired for intravenous use, it is advisable 
to carry it for two generations in asparagin medium, thus reducing the broth 
concentration to a negligible minimum. 

7. Bacteriophage should be cultured by placing 1 c.c. in broth and incubating 
48 hours. None should be used which shows the slightest growth. 

8. Very careful aseptic precautions should he exercised in dispensing. A pre- 
servative is not advisable 3S it may inhibit bacteriophage. 
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9. A bacteriophage made up with an organism from a patient’s culture is called 
“autogenous.” Slock bacteriophage is recommended in acute cases until the specific 
is prepared. 

10. Bacteriophages should be kept in a refrigerator where they maintain potency 
for 4' months to 3 years. 

Stock Bacteriophages. — 1. These should be polyvalent and of high titer. 

2. Stock staphylocc ecus and B. coli bacteriophages are most widely employed. 

3. Streptococcus bacteriophage is highly specific and -j — | — | — }- lysis is seldom 
obtained. Bacterioph ge for hemolytic streptococci are prepared much more 
readily than for non) emolytic types including Streptococcus viridans . Partially 
potent phages are sometimes used and have been found of some value in treatment. 

4. In mixed infections, the bacteriophages are mixed in proportions indicated 
hy the relative numbers of organisms in cultures. 

D’Herelle’s Method for Titrating the Potency of Bacteriophage. — 1. To 
60 c.c. of broth add 0.2 c.c. of an 18- to 24-hour broth culture of organism (bac- 
terial suspension). 

2. Set up 12 sterile test tubes and jlace 4.5 c.c. of the bacterial suspension in 
each. 

3. To No. 1 add 0.5 c.c. of bacteriophage. 

4. Mix w r ell and transfer 0.5 c.c. to No. 2; mix well and transfer 0.5 c.c. to 
No. 3 and so on to No. 12 from which discard 0.5 c.c. Use a fresli sterile pipet for 
each transfer. 

5. Include a control of 5 c.c. with bacterial suspension. 

6. Incubate 24 to 43 hours and examine for lysis. 

Method for Preparing B. Coli and Staphylococcus Bacteriophage for 
Therapy (New York Post-Graduate Hospital). — 1. The medium is plain beef 
infusion broth adjusted to pH 7.4 to 7.8. If for subcutaneous or intravenous 
administration and in case of protein allergy, an asparagin medium is preferred 
prepared as follows: 


Asparagin (Merck) 3 gms. 

Magnesium sulphate 2 gms. 

Sodium chloride 4.5 gms. 

Bipotassium hydrogen phosphate 2 gms. 

Distilled water (neutral) 1000 c.e. 


Dissolve in the water; bring to a boil; adjust to pH 7.6; autoclave at 121° G. 
for 15 minutes; filter through double paper; tube; autoclave a second lime at 
15 pounds for 30 minutes (final pH 7.0-7.2) ; should be clear. 

2. Two pure cultures of each organism isolated from the case should be pre- 
pared on agar slants. One culture is to be kept in ice-box, while phage is being 
prepared, in case the other becomes contaminated. 

3. Use 18- to 24-hour old agar slant cultures. Cover slant rvith broth making 
bacterial suspension. If the organism is B. coli set up 3 tubes of broth: 
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4. To all 3 tubes add 0.1 ex. of a light suspension of the cr,«c organism, enough 
to produce a just perceptible cloudiness. 

5. To each of 2 tubes then add 0.5 c.c. of mixed coli dt iage and label first 
generation. The third tube receives no phage but serves as ij control. Shake and 
incubate at from 32° C. to 37® C. After 4 to 5 hours tlW j should be a good 
growth in control tube. Take readings of phage tubes by fomparing cloudiness 
with control: 


0 - No lysis — tube with phage not clearer than control. 

± — Possible lysis — tube with phage possibly clearer than control. 

1- f Little lysis — tube with phage definitely clearer than control. 

2- j Semi lysis — tube with phage halfway between clear and control. 

3- j Good lysis — tube with phage % between clear and control. 

4- j — Complete lysis— tube with phage crystal clear. 

l*f- and 2-j May have sediment at bottom. 

3+ and 4-j — Have no sediment at bottom. 

6. Whether there is lysis or not, filter on^ tube at tliis time. Put the other tube 
back in incubator for later readings. Filtrates should be tested for sterility. 

7. The following day set up second generation in the same way, using 0.5 c.c. 
of first generation filtrate instead of phage mixture, using fresh 21-hour old culture 
of organism made the day before. By successive generations and filtrations, the 
potency of a phage may be increased. The aim is to obtain 4-j- (clear) lysis for 
24 hours’ incubation or longer. This is not always possible but frequently is 
accomplished. 

8. Staphylococcus bacteriophage is prepared in the same manner except that 
0.5 c.c. staphylococcus phage mixture is used instead of coli phage. Complete lysis 
is obtained in the majority of cases from stock phage in the first generation with 
this organism. If organism is resistant, it is not usually possible to prepare a 
phage by successive filtrations. 

9. If the organism is susceptible a volume of phage for therapy may be obtained 
by setting up 6 or more lubes and a control in the usual way and filtering into a 
larger sized tube, or larger amounts may be prepared by using 250 c.c. of broth 
with corresponding amounts of culture and stock phage. 

Method for Preparing Streptococcus Bacteriophage for Therapy (New 
York Past-Graduate Hospital). — 1. The preparation of streptococcus .bacteri- 
ophage presents much more difficulty. 

2. The transplant of the organism is generally carried along in plain broth. 
A 24-hour growth is employed in the test for susceptibility to bacteriophage. 

3. Five sterile test tubes, 3 of which contain approximately 10 c.c. of plain broth 
are employed. If the phage is for subcutaneous or intravenous administration, and 
in case of protein allergy, the asparagin medium previously described is preferred. 
To each of the 2 empty tubes 10 c.c. of a mixed streptococcus bacteriophage are 
added. To the third, fourth and fifth tubes, each of which contains broth, are added 
respectively 2 c.q., 1 c.c.» and 0.5 c.c. of the bacteriophage. 
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;4. To each of these 5 tubes and lo 1 tube containing only broth is added 0.1 c;c. : -A 
of the 24-Hour growth of. the. streptococcus to be tested. - , ' ' . • 

5. All tubes are shaken well and incubated for 18 hours at 32° C. to 37° C. A 
reading is taken at this time using the tube with no bacteriophage in it as a control. . ; : ; 

6. Then tlie 5 tubes containing bacteriophage are filtered through a Berkefeld 

filter pouring off the top and leaving the sediment at the bottom.- ■ .f ‘ ' , ' ' . 'i!' ’ 

7. This filtrate is the filtrate of the first generation and is used to set up the 

second generation in the same way, ; using the filtrate in place, of the; phage. . 
Ordinarily one finds a partial lysis in the whole filtrate in the second generation. . ; , 
It is usually possible to enhance the bacteriophage by these serial filtrations so 
that it will produce a4-f lysis in the whole filtrate and a partial: lysis in. the lubes 
with small amounts of filtrate: - - : •- : . - ' v.~ • ; ‘ n,-.;, //; 

8. Occasionally after serial filtration the phage will adapt itself so .that a small 

amount will give complete lysis. Then it is possible to prepare large quantities as in .1 
working with the B. coli and staphylococcus. Ordinarily, however, it is necessary 
to repeat the set-ups and filter gaining only small volumes. at a time. " ' ..'1. V . 
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METHODS FOR THE BACTERIOLOGICAL EXAMINATION 
OF MILK 

Principles. — 1. The methods here given ore the standard methods of milk 
analysis of the American Public Health Association and the Association of Official 
Agricultural Chemists. They are given herewith for guiding the examination of 
milk in clinical laboratories, especially tho«e connected with hospitals. 

2. The total bacterial count continues to be of most value in the bacteriological 
examination of milk and is especially useful as a measure of the care with which 
milk is collected and kept until used. 

3. Methods for the detection of tubercle bacilli in milk are described on page 402. 
Unfortunately, however, there are no thoroughly reliable methods at present for the 
detection of typhoid and dysentery bacilli, Br. abortus , and other pathogenic or- 
ganisms known to he sometimes transmitted by milk. It is still necessary to rely 
mainly for the elimination of these upon thorough pasteurisation, \etrrinnry inspec- 
tion of herds, and the medical examination and supervision of dairy emplojees 
with special reference to Uphold carriers. 

4. It is true, however, that the presence of mastitis in cows is sometimes to be 
detected by finding exceedingly large numbers of long-chained streptococci and 
pus cells when due care is taken to examine the milk within 6 hours after collec- 
tion or when carefully refrigerated to prevent multiplication. Due care, however, 
must be exercised in the examination of sediments secured by centrifuging against 
mistaking normal streptococci and those contained in butter starters or derived 
from dirty milking machine tubes, for pathogenic streptococci. 

STANDARD PLATE METHOD TOR TOTAL BACTERIAL COUNTS 

1. If bottled milk is to be examined, the bottle should be immediately iced. In 
vast tht Ttrii's. vs in bulk, a sample sbunld be \aben after ibcnongb mixing. A stttita 
glass tube long enough to reach from the top to the bottom of the container to be 
sampled is very satisfactory. The tul»e is lowered to the bottom and the end closed 
with the thumb or a finger to hold the contents in the tube, which is then placed 
in a sample bottle. The sample bottle should be sterile and large enough to hold 
the entire amount in the tube. Sample bottles should be glass stoppered as cotton 
plugs are not satisfactory. Do not collect less than JO c.c. 

2. If the sample is not to be examined immediately, place it in cracked ice so as _ 
to cool promptly to near the freezing point. Prepare dilution bottles to contain 
99 c.c. of water after sterilization in the autoclave. They should have rubber or 
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glass stoppers. The number of; bottles will depend upon the number of samples- 
to be examined and dilutions desired. . :h-:’ • ", 


3. Shake sample 25 times,; each shake being an up. and ddwn excursion of about 
1 foot. Then immediately, transfer ! c.c. ’ 


to dilution bottle No. 1 (this, makes a 
dilution of 1:100). ’ 

4. Shake dilution No. 1 25 times and 
transfer 1 c.c. to dilution bottle No. . 2. 

At the same lime transfer 1 c.c., and 0.1 
c.c. to 2 empty sterile Petri dishes. Mark 
the plates 1:100 and 1:1000. 

5. Shake dilution No. 2 aiid transfer 
1 c.c. and 0.1 c.c. to 2 empty Petri 
dishes and mark them 1:10,000 and 
1:100,000. A special pipet is recom- 
mended which delivers 1.1 c.c. 

6. Melt nutrient beef extract agar 

with a pH of 6.6 and cool to between 40° and 45° C. . ” 7 V> 

7. Pour 10 c.c. into each plate and mix with the diluted milk by gently rotating. 



Fig. 307.— Stewart, Counting 
■ Apparatus '* • 




* 


.. h.? v* • ,* ^ - v7‘y \ ^ ' ** ' 



Fig. 308. — Robinson’s Colony Counter 

Sufficient agar should be used , to avoid drying out. An excess will favor the 
spreading of surface colonies. . • . ‘-.v : ..7'-. - ,.Vv ; 

8. Incubate all plates for 48 hours at 37° C. in an inverted position. ; ' i v „ 


r . 
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9. Select plates showing between 30 and 300 colonies. Count the number of 
colonies on the plates, using a lens magnifying about 2.5 diameters. A colony 
counting chamber with uniform illumination and with standard ruling should be 
used (Fig. 307). If the number of colonics exceeds 300, a fraction of the plate 
can be counted and the number multiplied by the factor and then by the dilution. 
Plates with less than 20 colonies should not be counted unless no others are avail- 
able. When many samples are counted daily, Robinson’s electric counting device 
may be found useful and time-saving (Fig. 300). In case of doubt, the compound 
microscope may be used to distinguish between colonies and debris. 

10. Multiply the numbers of colonies by the dilution marked on the plate. Tills 
will give the number of bacteria per c.c of milk. Use only two significant left-hand 
digits in any report. Raise to the next highest round number but neter lower. 

11. A aeries of at least four or more samples should be examined before judging 
the quality of a given milk supply. 

12. In addition to other requirements, the bacteria counts required before de- 
livery of various grades of milk according to the standard milk ordinance of the 
United Stales Public Health Service, are as follows: 

Certified Milk: Less than 10,000 per c.c. 

Grade “A” Raw: Not oier 50,000 per c.c. 

Crade “B” Raw: Not over 200,000 per c.c. 

Grade “C” Raw: Not over 1,000,000 per c.c. 

Grade “D” Raw : Not over 5,000,000 per c.c. 

Grade “A” Pasteurized: Not over 10,000 per c.c. 

Grade “B” Pasteurized: Not over 100,000 per c.c. 

Grade “C" Pasteurized: Not over 500,000 per c.c. 

DIRECT MICROSCOPIC COUNT Or BACTERIA 

Breed Method. — 1. The collection of sample is the same as described above 
for the plate count. 



Fic. 310 .— Creed and Brew Guide 
Plate 


2. Thoroughly shake the sample end deposit 0.01 c.c. of the milk on a clean 
slide by means of a special pipe! (Fig. 309). 

3. Spread the milk evenly over an area of 1 square centimeter with a clean stiff 
needle. The slide can be laid on paper ruled in 1 centimeter squares or on any 
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ruled guide plate (Fig. 310). This ruling will show the area to be covered by the 
smear. 

4. Dry the film in a warm place. Avoid excess heat as it may cause the film to 
crack. The drying should he complete within 5 to 10 minutes. 

5. Dip the slide in xylol to remove the fat (at least 1 minute) . Drain and allow 
to dry. 

6 . Place in 90% alcohol for one or more minutes. 

7. Transfer to Ldffler’s methylene blue for five minutes (to overstain) . 

8. Rinse in water and then decolorize with alcohol. Check the decolorization by 
observation to avoid overdecolorizing. When properly done the background should 
show a faint pale blue. If decolorization is carried too far, the smear can be 
restained. 

9. Or the following stain, devised by Neuman, may be employed: 


Methylene blue (certified powder) 1.12 gm. 

Ethyl alcohol (95 per cent) 54.00 c.c. 

Tetrachlorethane (tech.) 1 40.00 c.c. 

Glacial acetic acid 6.00 c.c. 


Add the alcohol to the tetrachlorethane in a flask and bring to a temperature not 
to exceed 70° C. (If it is desired to use methyl alcohol the temperature should not 
be raised to more than 55° to 60° C.) Add the warm mixture to the powdered 
methylene blue. Shake vigorously until the dye is completely dissolved; then add 
slowly the glacial acetic acid to the cold solution. Agitate the 
flask during addition of acid. Filter the entire volume through a 
15 centimeter filter paper. Keep in tightly stoppered bottle. 

Allow the stain to act for thirty seconds. Steps 5 and 6 of the 
above may be omitted as the fat is removed by the stain. 

10. Adjust the microscope so the field of vision is 0.205 
millimeter in diameter. This can be done by using a stage mi 
crometer w r ith a 1.9 millimeter (oil-immersion) objective and a 
6.4< X ocular; adjust the tube until the field has the required 
size. 

Count the number of bacteria seen in 30 fields. Each field represents one three 
hundred thousandth part of a c.c. of the milk. 



Fic. 311. — Ocur.An 
Micrometer Disk 
of Breed and 
Brew 


number of bacteria 
30 


X 300,000 = number of bacteria per c.c. 


or 

number of bacteria X 10,000 

11. For some purposes, especially when examining low count milk, it is advisable 
to use a special ocular micrometer with circular ruling divided into quadrants 
(Fig. 311). Adjust tire microscope so the diameter of the circle is 0.146 millimeter. 
Count 60 fields and multiply the number of bacteria by 10,000. 

1 Obtained from Eastman Kodak Co. 
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12. This direct microscopic method is excellent for making a rapid survey of 
either raw or pasteurized milk and should he more frequently used as a check on 
counts obtained by the plate method. 

METHYLENE BLUE SEDUCTION METHOD 

This test is also known as the reductase test. It is based on the principle that the 
color imparted to milk by a small quantity of methylene blue will disappear more 
or less quickly. The rate of this decolorization depends largely upon the reducing 
activity of bacteria. This in turn has been empirically correlated with the number 
of bacteria when the test is conducted under the usual circumstances and if other 
factors such os the temperature of the milk, are kept constant during the te«t. 

1. Collect samples with same care as for other types of bacteriological examina- 
tions. 

2. Place 10 c.c. of the milk in a sterile test tube. 

3. Add 1 c.c. of methylene blue solution made by adding 1 tablet to 200 c.c. of 
water (standard methylene blue tablets are prepared by the National Aniline Com- 
pany and can be obtained from the usual supply houses). 

4. Mix the dye thoroughly. This can be done by blowing through the pipet used 
to add the dye. The milk should now have a robin’s-egg blue color. 

5. Place the tubes in a water bath at 37° C. 

6. Observe frequently. The end-point is to be taken as the time when the blue 
color has disappeared and the milk has regained its normal color. In the majority 
of cases the color disappears uniformly throughout the entire mass of milk. With 
certain samples the color may persist at the surface, or again it may persist at the 
bottom of the tube. In case the color disappears in an uneven manner, the end-point 
can be taken as the time when the milk after mixing shows no evidence of a 
blue color. 

7. The results ore interpreted as follows: 

Class 1. Good milk: not decolorized in 5*4 hours; developing as a rule, less 
than 500,000 colonies per c.c. on agar plates. 

Class 2. Milk of fair quality: decolorized in less than 5*4 hours but not less 
than 2 hours; developing as a rule, 500,000 to 4,000,000 colonies per c.c. on agar 
plates. 

Class 3. Unsatisfactory milk: decolorized in less than 2 hours, but not less than 
20 minutes; developing as a rule, 4,000,000 to 20,000,000 colonies per c.c. on 
agar plates. 

Class 4. Very unsatisfactory milk: decolorized in 20 minutes or less; developing 
as a rule, over 20,000,000 colonies per c.c. on agar plates. 

METHODS FOE THE RECOGNITION OF HEMOLYTIC STREPTOCOCCI 

The following methods are useful for the examination of samples from cows 
suspected of having caused an outbreak of septic sore throat. They may also be 
used for routine control in those cases where raw milk is carefully guarded against 
infection with hemolytic streptococci. 
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1. Beef infusion agar is melted, cooled to 50° C. and, 0.5 c.c. of defibrinated 

blood, added for each 10 c.c.' of agar. ; ■„ 

2. Add 1.0 c.c. and 0.1 c.c. of milk respectively to 2 . Petri dishes, overpour with 
agar and mix thoroughly by gently rotating the plate. :: y" 

3. Incubate 24 hours at 37° C. Use an uniiioculated plate as a^ sterile control. 

Plates showing no growth are incubated for an additional 24 hoursl , . 

4. Three types of streptococci may be encountered. The first group, the lactic 

acid streptococci, are not generally, active on blood agar. The second type is that of 
bovine mastitis which appears as a viridans (green), or. weakly hemolytic colony. 
The third group is the highly hemolytic and contains the human type, of which 
Streptococcus epidemicus is a member. This organism is usually, associated with 
septic sore throat epidemics. • 1 ' . y ' ;■ 

5. Pick one or two hemolytic colonies Ip (a) glucose serum broth, and to (6) 

sodium hippurate broth. Glucose serum broth is prepared by adding 1.0% glucose 
to beef infusion broth. Two drops of serum are added at the time of inoculation. ; 
Sodium hippurate broth is prepared by adding 1.0% sodium hippurate to. pork 
or beef infusion broth. . ’ , 

6. After 2 days at 37° C. the final pH of the glucose serum broth culture is 
determined colorimetrically. 

7. At the same time the sodium hippurate culture, is examined by adding 1 part 

of the test reagent (12% ferric chloride in a 2.0% HC1 solution) to 4 parts of 
the culture. Mix and observe after 10 minutes. A precipitate (ferric benzoate) 
indicates that the hippuric acid has been hydrolyzed. : . . . 

8; If the suspicious organism produces a final pH of from 6.0 to 5.0 and fails 
to hydrolyze the hippurate, a moist Indian ink preparation should be made from 
the serum broth. Should an encapsulated organism be found, it is. probably Strept. 
epidemicus. This organism usually ferments salicin but not mannitol. 

METHOD FOE THE DETECTION OF TYPHOID AND PARATYPHOID BACILLI 

1. Leifson recommends culturing 9 parts of milk in 1 part of selemite enrichment 

medium prepared in a concentration 10 : times stronger than Usual. If the milk. is of 
poor quality it is advised to dilute at 1:4 with sterile water and add 9 parts of this 
dilution to 1 part of the concentrated medium. / 

2. Incubate at 37® -C. for 18 to 24 hours and then prepare surface streak plates 

of desoxycholate-citrate agar or bismuth sulphite agar. If suspicious colonies arc 
found, apply further tests for typhoid and paratyphoid bacilli as described in 
Chapter XIX. - ' • • ' : r C, ’ , 


CHAPTER XXIV 


METHODS FOR THE BACTERIOLOGICAL EXAMINATION 
OF WATER 

Principles. — 1. The methods here given are the standard methods for the 
examination of water adopted by the American Public Health and American Water 
Works Associations. 

2. From the standpoint of the clinical laboratory, examinations for bacilli of the 
coli-aerogenes group of fecal origin are of most value in relation to the spread of 
typhoid fever, cholera, and dysentery. 

3. Direct examinations for typhoid and paratyphoid bacilli have been previously 
referred to but are of so very little value that most reliance is placed upon finding 
colon bacilli as indicative of possible contamination with human fecal material. 

COLLECTION 

1. Samples for bacterial ana1)sis shall be collected in bottles which have been 
cleansed with care, rinsed in clean water, and sterilized. 

2. Great care must be exercised to have the samples representative of the water 
to be tested and to see that no contamination occurs at the time of filling (he bottles 
or prior to examination. 

3. Because of the rapid and often extensive changes which may take place in the 
bacterial flora of bottled samples when stored even nt temperatures as low as 
10“ C., it is urged, as of importance, that all samples be examined as promptly as 
possible after collection. 

4. The time allowed for storage or transportation of a bacterial sample between 
the filling of the sample bottle and the beginning of the analysis should be not 
more than 6 hours for impure uaters and not more than 12 hours for relatively pure 
tiaters. During the period of storage, the temperature shall be kept between 6® C. 
and 10° C. Any deviation from the above limits shall be so stated in making reports. 

TOTAL BACTERIAL COUNTS 

1. Have ready the following: (a) Nutrient extract agar or nutrient gelatin with 
pH of 6 4 liquefied and cooled to 42° C. (ft) Dilution bottles containing 9 c.c. or 99 
c.c. of water and sterilized at 120® C. for 15 minutes. 

2. When dilutions are made the sample bottle should be shaken vigorously 25 
times and 1 c.c. withdrawn and added to the proper dilution bottle as required. 
Each dilution bottle shall be shaken vigorously 25 times before a second dilution 
is made from it or before a sample is removed for plating. 

3. Plating should be done immediately after making dilutions. After vigorous 

$6i 
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shaking 25 times, 1 c.c. ol the sample or dilution shall he placed in the Petri dish. 
Ten c.c. of liquefied medium (agai or gelatin) at a temperature of 42° C. shall he 
added to the Petri dish. The cover of the Petri dish shall he lifted just enough for 
the introduction of the pipet or culture medium, and the lips of all test tubes or 
flasks used for pouring the medium shall he flamed. The medium and sample in the 
Petri dish shall be thoroughly mixed and uniformly spread over the bottom of the 
Petri dish by tilting and rotating the dish. All plates shall be solidified as rapidly 
as possible after pouring and placed immediately in the incubator. 

4. Gelatin plates shall be incubated for 48 hours at 20° C. in a dark, well- 
^ ventilated incubator in an atmosphere practically saturated with moisture. 

Agar plates may be used for counts made either at 20° C. or 37° C. The time for 
incubation at 20° C. shall be 48 hours and at 37° C. 24 bours.'The incubator shall 
be dark, yell-ventilated and the atmosphere shall be practically saturated with 
moisture. Glass-covered plates shall be inverted in the incubator. Any deviation 
from the above described method shall be stated in making reports. 

In making report of the water examination the medium used for the total count 
should be stated, i.e., whether gelatin or agar, and the temperature of incubation 
given. 

5. In preparing plates, such amounts of the water under examination shall be 
planted as wall give from 30 to 300 colonies on a plate; and the aim should be to 
always have at least 2 plates giving colonies between these limits. Where it is 
possible to obtain plates showing colonies within these limits, only such plates 
should be considered in recording results, except tv here the same amount of water 
has been planted in 2 or more plates, of which one gives colonies within these 
limits, while the others give less than 30 or more than 300. In such case, the result 
recorded should be the average of all the plates planted with this amount of water. 
Ordinarily it is not desirable to plant more than 1 c.c. of water in a plate; therefore, 
when the total number of colonies developing from 1 c.c. is less than 30. it is 
obviously necessary to record the results as observed, disregarding the general rule 
given above. 

Counting shall in all cases be done with a lens of 2.5 diameters’ magnification, 
with a focal distance of 3 Vij inches. The Engraver’s Lens No. 146 made by the 
Bauscb and Lomb Optical Company fills the requirements and is a convenient lens 
for the purpose. 

6. In order to avoid fictitious accuracy and yet to express the numerical results 
by a method consistent with the precision of the work, the numbers of colonies of 
bacteria per c.c. shall be recorded as follows: 

From 1 to 50 shall be lecoided as found. 

From 51 to 100 shall be recorded to the nearest 5. 

From 101 to 250 shall be recorded to the nearest 10. 

From 251 to 500 shall be recorded to the nearest 25. 

From 501 to 1000 shall be recorded to the nearest 50. 
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ITom 1001 to 10,000 shall be recorded to the nearest 100. 

From 10,001 to 50,000 shall be recorded to the nearest 500. 

From 50,001 to 100,000 shall be recorded to the nearest 1000, 

From 100,001 to 500,000 shall be recorded to the nearest 10,000. 

From 500,001 to 1,000,000 shall be recorded to the nearest 50,000. 

From 1,000,001 to 10,000,000 shall be recorded to the nearest 100,000. 

This applies to the gelatin count at 20° C. and to the ng3r counts at 20° £ and 
37° C. 


DETERMINATION OF TIIE PRESENCE OF MEMBERS OF THE 
COLI-AEROGENES GROUP 

The coli-aerogcnes group is to be considered as including all gram-negative non- 
spore-forming bacilli which ferment lactose with gas formation and grow 
aerobically on standard solid media. 

The test described under this heading is really a combination of three tests. The 
first is called the “presumptive test” and is conducted in all ca«es. The second is 
called lhc “confirmed test” and is used to confirm the first test when doubtful. The 
third is the “completed lest,” used when the results of the second test are doubtful. 

Presumptive Test. — 1. Inoculate a series of fermentation tutas containing 
lactose broth (nutrient broth containing 0.5% lactose) with the following amounts 
of the water to be tested: 10, 1, 0.1, and 0.01 c.c. 

2. The amount of media should always equal at least twice the amount of water 
inoculated. Any type of fermentation tube can be used. The Durham tube with 
inverted \ial is recommended. When required to examine larger amounts than 
10 c.c., as many tubes os necessary shall be inoculated with 10 c.c. each. 

3. Incubate at 37° C. for 40 hours. 

4. Examine each tube at the end of 24 and 48 hours. 

5. The production within 24 hours of gas occupying more than 10% of the 
inverted vial in the fermentation tube constitutes a positive presumptive test. 

6. If no gas is formed in 24 hours, or if the gas formed is less than 10%, the 
incubation shall be continued to 48 hours. The presence of gas in any amount in 
such a tube at 48 hours constitutes a doubtful test, which in all cases requires 
confirmation. 

7. The absence of ga3 formation after 48 hours* incubation constitutes a negative 
test. 

Confirmed Test. — I. Streak or spread Endo or eosin-methylene blue plates 
from the tube which shows gas formation from the smallest amount of water tested. 
The transfer should be made as soon as possible after gas formation occurs. If gas 
formation occurs at the end of 24 hours, make transfer at that time. If at the end of 
48 hours gas has formed in tubes containing less of the sample of water than at 24 
hours, transfers should be made from these tubes. 

2. Incubate at 37® C. for 18 to 24 hours. 
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3. The results are interpreted 'asTollows: (a) If typical colonies have developed 
Upon 'the plate within this period, the confirmed test may be considered positive. 
■(b) If, however, no typical colonies, have developed ‘within 24 hours,. , the test; 
cannot yet be considered definitely negative,- since; it hot, infrequently' happens 
that members of die coli-aerogenes group fail to form typical colonies on -Endo 
or eosin-melhylene blue plates, or that the colonies develop slowly. In such case, 
it is always necessary to complete the test as described below.' Vi,’ - „■ • 

Completed Test. — 1. (a) From typical plates: From the Endo' or eosin- 
methylene blue plates showing typical colonies, fish at least two; colonies, trails- : 
ferring each to an agar slant and a lactose fermentation tube. ' ; ' ’ " , 

(6) From atypical plates: If no typical colonies appear upon the plate within 
24 hours, the plate should be incubated another 24 hours; after which, at least 2 
of the colonies considered most likely to be organisms of>the coli-aerogenes group 
whether typical or not shall be -transferred to agar slants., and lactose fermenta- 
tion tubes. ' , V ■ *_. '• . (' v -J 

2, Incubate the lactose broth fermentation tubes, until gas formation is noted, 

the incubation not to exceed 43 hours. The agar slants shall, be incubated 37°. G. 
for 24 hours, when a microscopic examination shall Be made of at least one culture, 
selecting the one which corresponds to one of the lactose broth . fermentation tubes 
which has shown gas formation. • 1 .. w , ' "vV V-;' 

3. The formation of gas in lactose broth and the demonstration of gram-negative 
non-spore-forming bacilli in the agar culture- shall be, considered a satisfactorily 
completed test, demonstrating the presence of . a member . of the coli-aerogenous 
group. The absence of gas formation in lactose broth or failure :.tq ; demonstrate 
gram-negative non-spore-forming bacilli in a -gas-forming culture , constitutes , a: 


negative test.® ' - _■ -i "-V •\-i\ 

Interpretation of the Results . — Presumptive Test.— I./ "Wheh definitely posi- 
tive, that is, showing more than 10% of gas in' 24;hpurs, this. test is -sufficient:; * : 

(a) As applied to all except the smallest gas-forming portion of each sainple 
in all examinations. . - . • • -i;-.' y V 


(b) As applied to the smallest gas-forming portion in the examination of; sewage 
or of water showing relatively high pollution; such that its fitness for; use as drink- 
ing water does hot come into consideration. This applies" to the. routine examination 
of raw water in connection with control of .the operation of purification plants) 

2. When definitely negative, that is, showing no ; gas in' 48 hours, . ’this .lest is 

final and. therefore sufficient in all 'cases. _) f 

3. When doubtful, that is, showing gas less than 10% (or hone) /in 24/hours 

with gas either more dr less, than 10% ;in.,48 hours, this test must always 'he con- 
firmed., • • t V )';•/, - 

Confirmed Test. — 1. When ' definitely positive, that is, showing , typical plate 
colonies within 24- hours, this test is sufficient: , f % • ■%’ • 

(a) When applied to confirm a doubtful, presumptive test . in cases where the 
latter, if definitely positive, would have been, sufficient. ■' ■ F. '44. \'4 'y 
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(6) In the routine examination of water supplies where a sufficient number of 
prior examinations have established a satisfactory index of the accuracy and sig- 
nificance of this test in terms of the completed test. 

2. When doubtful, that is, showing colonies of doubtful or negative appearance 
in 24 hours, this test must always be completed. 

Completed Test . — The completed test is required as applied to the smallest gas- 
forming portion of each sample in nil cases other than those noted as exceptions 
under the “presumptive” and the “confirmed” tests. 

The completed test is required in all cases where the result of the partially con- 
firmed lest has been doubtful. 

Note.— 1. In reporting a single lest, it is preferable merely to record results as 
observed, indicating the amounts tested and the result in each, rather than to attempt 
expression of the result in number of organisms per c.c. In summarizing the results 
of a series of te«ts, however, it is desirable, for the sake of simplicity, to express 
the results in terms of the number of coli-aerogenes organisms per c.c., or per 
100 c.c. The number per c.c. is the reciprocal of the smallest portion (expressed 
in c.c.) giving a positive result. For example, the result 1 c.c. plus, 0.1 c.c. plus, 

0.01 c.c. negathe, would be recorded as 10 per c.c. An exception should be made 
in the case where a negative result is obtained in an amount larger than the 
smallest portion giving a positive result; for example, in a result such as 10 c.c. 
plus, 1 c.c, minus, 0.1 c.c. In such case, the result should be recorded as indicating 
a number of coli-aerogenes organisms per c.c. equal to the reciprocal of the portion 
next larger than the smallest one giving a positive test, this being a more probable 
result. 

Where tests are made in amounts larger than 1 c.c. giving average results less 
than 1 per c.c., it is more convenient to express results per one Iftmdred cubic 
centimeters, 

2. Recent work seems to indicate that the coli-aerogenes group as herein defined 
consists of organisms of both fecal and nonfccal origin. Methods for making this 
distinction are the methyl red, Voges-Proskauer, indol, and sodium citrate tests, 
but none have been as yet adopted as standard. This statement should not be con- 
strued as detracting from the value of the group test as above described for the 
routine examination of water supplies. 

DIFFERENTIATION OF THE COLI-AEP.OQENES GROUP INTO FECAL AND 
NONFECAL TYPES 

The coli-aerogenes group contains organisms of both fecal and nonfecal origin. 
For a satisfactory differentiation the following tests are required: 

1. Indol. 

2. Voges-Proskauer. 

3. Methyl Red; inoculate a 5 c.c. portion of methj 1 red Voges-Proskauer broth. 
Incubate 24 hours at 37° C. Add 5 drops of methyl red indicator solution. A 
distinct red color is posithe; a yellow color is negative. 
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. 4. Sodium citrate: inoculate Koser's citraLe broth wth a, loopful of culture or. 
with a. needle. Incubate for 3 days at' 37° €. B. colt tails to, grow in this medium: 


REACTIONS OF THE Cot.HAEROGENES GROM* 



. jnclol 

Methyl. Red 

Voges-Proskauer 1 

% Citrate .' 

Feeal 

+ • . ; 

: .+ - ' 


' - \ 

Nonfecal ! 

’ • • i 

, . — . • - , j 

+ ,| 



Intermediate types are common and difficult to interpret. 







CHAPTER XXV 

METHODS FOR TESTING DISINFECTANTS 

A very large number of methods have been proposed for testing the bactericidal 
and bacteriostatic (antiseptic) properties of disinfectants and the method of testing 
has a tremendous influence upon the results. For this reason one laboratory may 
report a substance as possessing a high disinfectant value and another that it is 
practically inert. It is easily possible, therefore, to influence greatly the vnluc 
placed upon a disinfectant by the method of testing. It is hoped that the methods 
here given will prove serviceable for the purposes of the clinical laboratory. 

The standardization of disinfectants and antiseptics is based upon their disinfect- 
ing power in comparison with phenol. The ratio is expressed as the phenol 
coefficient, which is a figure expressing the ratio of the germicidal efficiency of 
a disinfectant compared with phenol tested under identical conditions. It is not 
based on n comparison of different time intervals but on a comparison of different 
concentrations acting for specified periods of lime at designated temperatures. 

At present there are in general use three methods of determining the phenol 
coefficient: The U. S. Hygienic Laboratory Method (Reprint No. 675, U. S. Pub. 
Health, Reg., 1921, 36, 1559), the Rideal-Walker Method, and the Method of the 
Tood and Drug Administration (F. D. A. Method) given below. 

The latter designed by Shippen and Reddish (Circular No. 198, lb S. Dept, of 
Agriculture, December, 1931) is based upon the Hygienic Laboratory and Rideal- 
Walker Methods and is particularly valuable in the curtailment of labor, time and 
material as well as being adapted to the use of Staphylococcus aureus and other 
organisms as well as for D. typhosus (E. typhi ). 

FOOD AND DRUO ADMINISTRATION METHOD * 

Test Organism and Culture Medium. — 1. The test organism is a 22-26 hour 
culture of Eberlhella typhi (Hopkins strain) incubated and grown in nutrient broth 
at 37° C. The broth contains the following ingredients: 5 gm. of Liebig’s beef 
extract, 5 gm. of chemically pure sodium chloride, and 10 gm. of Armour’s Peptone 
(for disinfectant testing) in 1,000 c.c. of distilled water. The mixture is boiled for 
20 minutes, made up to original weight (or volume) with distilled water, and 
adjusted with NaOH to pH 6.8 using the colorimetric method. It is then filtered 
through paper, tubed (10 cx. to each tube) and the tubc3 plugged with cotton 
and sterilized at 15 pounds pressure for 40 minutes. 

2. The test culture is transferred daily in this medium for not more than one 
month. At the end of each month, a fresh transfer is made from the stock culture. 
The stock culture is carried on agar slants of the same composition as the broth 
* U. S. Dept. Agriculture, Circular No. 198, Dec., 1931. 
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medium plus Bacto-Agar (Difco) adjusted to pH 7.2 to 7.4. This medium 

is also filtered, tubed, plugged with cotton, sterilized and slanted. The stock culture 
is transferred once a month, and the test organism is taken from the month old 
stock culture. When the test organism has not been transferred daily, it is advisable 
to make 4 or 5 consecutive daily transfers in broth before using it for testing pur- 
poses, to be reasonably sure of its conforming to the phenol resistance requirements. 
When only one transfer has been skipped, the following transfer from the 48-hour 
culture is usually satisfactory for use after 24 hours. Transfers are made with the 
platinum loop used in the test. Only cultures giving readings within the following 
limits are considered satisfactory : 


TABLE I 



5 Minutes 

10 Minutes 

15 Minutes 

Phenol 

1-90 

+ 

+ 

0 

MOO 

+ 

+ 

+ 

or 

1-90 

0 

0 

■ 

0 

1-100 

+ 

+ 

0 


TABLE II 




5 Minutes 

10 Minutes 

15 Minutes 

1-90 

Phenol 

+ 

0 

/ 0 

1-100 .... 


+ 

+ 

+ 


The reading in Table II is that most usually obtained and is the most convenient. 

Phenol. — The phenol used must meet the requirements of the U.S.P. and in 
addition the congealing point must not be below 40° C. A 5% solution may 
be used as a stock solution if kept in a relatively cool place in well stoppered 
amber-colored bottles protected from the light. This 5 % solution should be 
standardized with decinormal bromine or with sodium bromide and bromate 
solution. 

Apparatus. — 1. Besides a number of accurately graduated pipels, 100 c.c. 
glass-stoppered graduates or volumetric flasks ate almost essential for the making 
of correct dilutions. All pipets and graduates should be standardized. The test lubes 
for containing the dilutions should be large enough to permit transfers being made 
without touching the sides with the transfer needle. Lipped pyrex (to withstand 
constant flaming) test tubes 25 by 150 mm. serve very well as these seeding or 
medication tubes. 

2. A water bath for holding the dilutions at the desired temperature must be 
provided. To maintain the temperature practically constant during the period of 
the test, the bath should be made so as to contain a relatively large volume per 
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surface area, and should be insulated. The lid is made with well-spaced holes 

admitting the 25 mm. tube, but not tire lip. 

3. The most convenient form of subculture tubes (lubes containing medium for 
incubating the tested organisms, as well as for growing the test culture) are 
ordinary nonlipped bacteriological test tubes 20 by 150 mm. 

4. The racks for holding the subculture tubes may be of any convenient style. 
Blocks of wood with a series of holes bored in them are quite satisfactory. Dimen- 
sions depend somewhat on the side of the incubator, but the holes should be well 
spaced to insure quick selection and easy manipulation during the test. It is an 
added convenience to have the holes large enough to admit the medication tubes 
while dilutions are being made. 

5. The transfers are made with 4 mm. (inside diameter) single loop of number 
23B and S. gage platinum wire 1 V 2 to 3 inches long, set in a suitable holder such 
as an aluminum or glass rod approximately 0.5 cm. in diameter. 

Procedure. — 1. One per cent stock dilutions of the substance to I)C tested (or 
any other convenient dilution of the disinfectant, depending on the strength) are 
made up, usually in glass-stoppered cylinders or volumetric flasks from which 
the individual dilutions ore then prepared. For rapid routine work the final dilu- 
tions may be made directly in the medication tubes. In this case all excess over 
5 c.c. must be removed. For more precise work, and when high dilutions are 
required or volatile substances ore dealt with, it is preferable to make up all of 
the dilutions in volumetric flasks, and then transfer 5 c.c. of the final dilution 
to the medication tubes. The accompanying tables taken from the Hygienic 
Laboratory Method show how varying dilutions may be prepared from stock 5 °fo 
(1:20) and lfo (1:100) solutions of the disinfectant being tested. 

2. These lubes containing 5 c.c. of each dilution (including the phenol control) 
are placed in the water bath at 20° C. for 5 minutes until the temperature of the 
bath is reached. Even slight variations in temperature may affect the results. The 
dilutions should cover the range of the killing limits of the disinfectants within 
5 and 15 minute periods, and should at the same time be spaced sufficiently close 
together to insure the desired accuracy. 

3. Five-tenths of a cubic centimeter of the lest culture is then added to each of 
the dilutions at the time interval corresponding to the interval at which the trans- 
fers are to be made. Thus by the lime 10 tubes have been seeded at 30-second 
intervals, 4V& minutes will have elapsed and a 30-second interval intervenes be- 
fore the transference to the subculture is commenced. The culture is added from 
a graduated pipet holding sufficient culture to seed all the tubes in any one set. 
The pipet may be loosely plugged with cotton at the mouth end before sterilizing, 
as a precautionary measure. Unfiltered culture is used but it should be thoroughly 
shaken 15 minutes before use, and allowed to settle. The temperature of the cul- 
ture should be practically that of the water bath before being added. 

4. In inoculating the medication tubes they should be held in a slanting posi- 
tion, after removal from the bath, and the culture run in without the tip of the 
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pipet touching the disinfectant. The tip may be allowed to rest against the side 
of the tube just above the surface of the liquid. 

5. The tubes are agitated gently but thoroughly after the addition of the cul- 
ture to insure even distribution of the bacteria, 

5 c.c. of disinfectant + 95 c.c. of distilled -water = Solution A 




Solution 

A, 

c.c. 


Distilled 

Water, 

c.c. 

Solution 

A, 

c.c. 

Distilled 

Water, 

c.c. 


Solution 

A, 

c.c. 

Distilled 

Water, 

c.c. 

1: 20 

= 

20 

+ 

0 

or 

10 

+ 

0 

or 

4 

+ 

0 

1: 25 

S= 

20 

+ 

5 

or 

10 

+ 

2.5 

or 

4 

+ 

1 

1: 30 

as 

20 

+ 

10 

or 

10 

+ 

5 

or 

4 

+ 

2 

I: 35 

= 

20 

4“ 

15 

or 

10 

+ 

7.5 

or 

4 

+ 

3 

1: 40 

= 

20 

+ 

20 

or 

10 

+ 

10 

or 

4 

+ 

4 

1: 45 

ass 

20 

+ 

25 

or 

10 

+ 

125 

or 

4 

+ 

5 

1: 50 

= 

20 

+ 

30 

or 

10 

+ 

15 

or 

4 

+ 

6 

1: 55 

sss 

20 

+ 

35 

or 

10 

+ 

17.5 

or 

4 

+ 

7 

I: 60 

= 

20 

+ 

40 

or 

10 

+ 

20 

or 

4 


8 

1: 65 

sss 

20 

4“ 

45 

or 

10 

+ 

22.5 

or 

4 

+ 

9 

1: 70 

ss 

20 

+ 

50 

or 

10 

+ 

25 

or 

4 

+ 

10 

1: 80 

== 

20 

+ 

60 

or 

10 

+ 

30 

or 

4 

+ 

12 

1: 90 

sss 

20 

+ 

70 

or 

10 

+ 

35 

or 

4 

+ 

14 

1: 100 

= 

20 

+ 

80 

or 

10 

+ 

40 

or 

4 

+ 

16 

1: 110 

sss 

20 

+ 

90 

or 

10 

+ 

45 

or 

4 

+ 

18 

1: 120 

= 

20 

+ 

100 

or 

10 

+ 

50 

or 

4 

4" 

20 

1: 130 


20 

+ 

110 

or 

10 

+ 

55 

or 

4 

+ 

22 

1: 140 


20 

+ 

120 

or 

10 

+ 

60 

or 

4 

+ 

24 

1: 150 

sss 

20 

+ 

130 

or 

10 

+ 

65 

or 

4 

+ 

26 

1:160 

sss 

20 

+ 

140 

or 

10 

+ 

70 

or 

4 


28 

1: 170 

rs= 

20 


150 

or 

10 

+ 

75 

or 

4 

+ 

30 

1:180 

=5 

20 

+ 

160 

or 

10 

+ 

80 

or 

4 

+ 

32 

1:200 

SSS 

20 

+ 

180 

or 

10 

+ 

90 

or 

4 

+ 

36 

1:225 

= 

20 

+ 

205 

or 

4 

+ 

41 

or 

2 

+ 

20 5 

1:250 

— 

20 

+ 

230 

or 

4 

+ 

46 

or 

2 

+ 

23 

1:275 

sss 

20 

+ 

255 

or 

4 

+ 

51 

or 

2 

O- 

t 

25.5 

1:300 

=s 

20 

+ 

280 

or 

4 

+ 

56 

or 

2 

+ 

28 

1:325 

=r 

20 


305 

or 

4 

+ 

61 

or 

• 2 

+ 

30 5 

1:350 

ss- 

20 


330 

or 

4 

+ 

66 

or 

2 

+ 

30 

1: 375 

=55 

20 

+ 

355 

or 

4 

+ 

71 

or 

2 

+ 

33.5 

1:400 


20 

+ 

380 

or 

4 

+ 

76 

or 

2 

+ 

38 

1:450 

=5= 

20 

+ 

430 

or 

4 

+ 

86 

or 

2 

+ 

43 

1:500 

sss 

20 

+ 

480 

or 

4 

+ 

96 

or 

2 

+ 

48 


6. Five minutes from the lime of seeding the first medication tube, transfer 1 
loopful of the mixtuie of culture and diluted disinfectant from the medication 
tube to the corresponding subculture tube. To facilitate transfer of uniform drops 
of the medication mixture, the loop is bent to form a slight angle with the stem 
and the medication tube is held at an angle of 60 degrees. In other words, as the 
loop is withdrawn, its plane should be parallel with the surface of the liquid. At 
the end of 30 seconds, a loopful is transferred from the second medication tube 
to the second subculture tube and the process continued for each successive dilu- 
tion. Five minutes from the time of making the first transfer, a second set of trans- 
fers is begun for the 10-minute period, and finally repeated for the 15-minute 
period. 

7. Before each transfer the loop is heated to red heat in the Bunsen flame and 
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the mouth of every tube is (lamed. Sterilization of the loop is effected immediately 
after making the previous transfer (before replugging the tubes) to allow time 
for sufficient cooling. Time does not permit flaming the tubes after making the 
transfer. For this reason, care in transferring and seeding is necessary. Due caution 
is observed to prevent either the seeding pipet or the transfer needle from touch- 
ing the sides or mouth of these. 


1 c.c. of disinfectant + 99 c.c. of distilled water — Solution B 


Dilution 


Solution 

B, 

c.c. 


Drilled 

Water, 


Solution 

B, 

c.c. 


Distilled 

Water, 

c.c. 


Solution 

B. 


Distilled 

Water, 

1 too 

_ 

100 

+ 

0 

nr 

10 

+ 

0 





I. 110 

= 

100 

+ 

10 

or 

10 

+ 

1 





1: 120 

= 

100 

+ 

20 

or 

10 

+ 

2 





1* 130 

— 

100 

4- 

30 

or 

10 

4- 

3 





1: 140 

= 

100 

4- 

40 

or 

10 

+ 

1 





1: 150 

— r 

100 

4- 

SO 

or 

10 

+ 

5 





1: 160 

a 

m 

4- 

60 

or 

10 

4- 

6 





1: 180 

= 

100 

4- 

80 

or 

10 

4- 

8 





1: 200 

t= 


+ 

100 

or 

10 

+ 

10 

or 

4 

4- 


1- 225 


100 

+ 

125 

or 

10 

4* 

12.5 

or 

4 

4- 

5 

Is 250 

— 

100 

+ 

150 

or 

1U 

+ 

15 

or 

4 

4- 

6 

1: 275 


100 

4- 

175 


10 

+ 

17.5 


4 

4- 


1. 300 




200 


10 

4- 

20 

or 

4 

4- 


Is 325 

«= 

100 

4- 

225 

or 

10 

4- 

22.5 

or 

4 

4- 


Is 350 

— 

100 

+ 

250 

or 

10 

4- 

25 

or 




1: 375 


100 

+ 

275 

or 

10 

4- 

275 

nr 


+ 


1: 400 


100 

4- 

300 

or 

10 

4- 

30 

or 

4 

+ 


1. 450 


10 


35 

nr 

4 

4- 

14 

or 

2 

+ 





4- 

40 


4 

4- 

16 

nr 


+ 





+ 

45 


4 

4- 

18 

nr 

2 

4- 






50 


i 

4- 

20 

or 


+ 





4- 

55 


4 

4- 

22 



4- 






60 


4 

4- 

21 









65 


4 

4- 

26 






— 



70 

or 

4 

4- 

28 

or 




1: 850 

= 

10 

+ 

75 

or 

4 

4- 

30 

or 

2 




— 



80 

or 

4 

4- 

32 

or 

2 







45 


4 

4- 

36 









50 


4 

4- 

40 




20 





55 


4 

4- 

41 









60 


4 

4- 

48 









65 


4 

4- 

52 









70 


4 

4- 

56 









75 


4 

4- 

60 









80 


4 

4- 










85 


4 

4- 

68 









95 


4 

4- 

76 




38 





105 


4 

4- 










115 


4 

4- 

92 











4 

4- 

100 









135 


4 

4- 

108 









145 


4 

4- 






1:3200 

= 

5 

+ 

155 

or 

4 

4- 


nr 



62 


8. After completion of the transferring, the subculture tubes are incubated at 
37° C. for 48 hours and results read. Macroscopic examination suffices foT this, but 
occasionally agglutination with antityphoid serum will aid in reading doubtful re- 
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i. A 3-day incubation period or agar streak or microscopic examination may 
esorted to in determining feeble growth, especially when organisms other than 
rlhella typhi are used. 

here aie certain types of germicidal agents, such as many of the mercury 
pounds, which give very high results by phenol coefficient tests. Due to the 
t inhibitory value of such substances in preventing growth in the subcultures 
c figures are frequently misleading. For germicides used in the disinfection of 
l objects as surgical instruments, this is of particular importance and must 
aken into account. Failuie to appreciate this characteristic of certain conr- 
nds is much more likely to lead to enor when Staphylococcus aureus is used 
er than Ebcrthclla typhi as the test organism. That false values may not be 
lined for pioducls of this type, or for any other disinfectant giving suspiciously 
1 results, the subcultures should contain very large amounts of medium (not 
than 200 c.c.) or they should be transferred by carrying at least 4 loopsful 
n the first subculture to a second lube of broth as recommended by Shippen. 
•tlier groups of disinfectants in common use, for which the phenol coefficient 
liod of testing is not well adapted, aie those compounds containing chlorine 
he active agent as well as oxidizing agents in general. These are affected so 
erially by the presence of organic mattci that a phenol coefficient statement 
r grossly misrepresent their value under practical conditions of use and is 
r apt to be misleading to the consumer when placed on the label, 
alculation of the Phenol Coefficient. — 1. The results of the test are ex- 
;sed in terms of the phenol coefficient. This represents the germicidal value of 
diluted disinfectant as compared with the diluted phenol control. It is a 
re obtained by dividing the numerical value of the greatest dilution (the 
animator of the fraction expressing the dilution) of the disinfectant capable 
illing Eberthella typhi in 10 minutes but not in 5 minutes, by the greatest dilu- 
of the phenol showing the same results, that is, by the phenol control. Thus, 
re results were as follows: 




5 Minute-. 

10 Minutes 

15 Minutes 

\FrCT\NT (X) 

1-300 


0 

0 

0 

1-325 

, . 

+ 

1 

1 

0 

0 

1-350 

, . 

0 

0 

1-375 


+ 

+ 

0 

1-400 

. 

+ 

+ 

+ 

N OL 

1-90 


+ 

0 

0 

1-100 


+ 

+ 

+ 


350 

'he phenol coefficient would be — - q - equals 3.89 

[, If none of the dilutions shows growth in 5 minutes and killing in 10 minutes, 
hypothetical dilution may be estimated in certain cases. This may be done only 
;n any three consecutive dilutions show the following results: The first— no 
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tests with oilier organisms unnecessary, except in special instances. The commonly 
accepted criterion that disinfectants for general use he employed at a dilution 
equivalent to the germicidal efficiency of 5% phenol against E. typhi (that is, 
20 times the E. typhi phenol coefficient) allows a reasonable margin of safely 
for the destruction of infective agents likely to be the object of general disinfection 
about premises with the possible exception of Mycobacterium tuberculosis. S. 
aureus, due to its ubiquity, resistance and ever ready tendency to cause infection, 
should always be employed in testing those substances recommended for personal 
use or as application for wounds. If the disinfectant is recommended for use ex- 
ternally the temperature of test should be 20° C. but where such substances are 
recommended for use in the body cavities such as for mouth washes, gargles, 
douches, etc., this test should be conducted at 37° C. In such case the test should 
be designated as “The F. D. A. method (special) S. aureus 37° C.” At body 
temperature the S. aureus should show the following resistance to phenol: 



5 Minutes 

10 Minutes 

15 Minutes 

1-80 

+ 

0 

0 

1-90 

+ 

+ 

+ 

or 




1-80 

+ 

0 

0 

1-90 

+ * 

+ 

0 


KOEMER BACTERIOSTATIC METHODS 

This test is of extreme simplicity and yields sharply defined results. It determines 
the highest dilution of a disinfectant capable of restraining the growth of the test 
organism for a stated period of time and is of particular value for comparing the 
antiseptic properties of various chemical agents. 

Method Employing Nutrient Bouillon. — For tests with staphylococci, B. 
anthracis, B. typhosus, B. coli and such hardy organisms, plain beef extract broth 
with a pH of 7.1 may be employed; Kligler has used a medium prepared of 1 % 
Fairchild’s peptone, 0.5% dibasic potassium phosphate, 0.5% sodium chloride 
and 0.1% glucose with a constant pH of 7.1. The reaction of any medium employed 
is particularly important as the results may be greatly modified by this factor. 
For streptococci and pneumococci, hormone broth (Huntoon) with 0.1% dextrose 
and a pH of 7.7 is to be preferred, and for tubercle bacilli, the ordinary 5% 
glycerin-hormone broth employed in the manufacture of Koch’s tuberculin 
should be used. It is ahvays advisable to determine beforehand that the organism 
xvill grow well in the medium employed before the tests are conducted. 

1. As a general rule, 10 dilutions are advisable and for this puipose 10 sterile 
test tubes are arranged for each compound, including a set for the bichloride of 
mercury' or phenol controls. 

2. In all tubes except No. 1 of each series, place 1 c.c. of sterile distilled water. 

3. In tubes 1 and 2 place 1 c.c. of the stock solution of disinfectant which is 
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ten times higher than the final dilutions desired. Mix No. 2 and transfer 1 c.c. 
to No. 3 and so on to No. 10 from which discard 1 c.c. 

4. In a flask of 99 c.c. of the, culture medium, place 1 c.c. of a 24 to 48 hour 
broth culture of the test organism; with such organisms as streptococci and 
pneumococci it is well, however, to seed by mixing 5 c.c. of a broth culture with 
95 c.c. of the culture medium. Mix well and add 9 c.c. to each tube of the set; 
the remaining 10 c.c. arc placed in a sterile tube as a control on the culture. 

5. In te«ts emplojing tubercle bacilli, it is better to add 9 c.c. of sterile medium 
to each lube and then to seed by floating a loopful of bacilli on the surface of each. 

6. The final dilutions are now ten times higher in each lube; for example, 1 c.c. 
of 1: 1000 stock solution in No. 1 becomes 1 : 10,000 and the final dilution in No. 10 
is 1:5,120,000. 

7. The tubes are incubated and the results recorded daily for 5 days. When the 
medium remains clear the result is recorded as minus; when a visible growth 
appears,- the result is recorded as plus. At the end of this period the tubes may 
be cultured by transferring several loopfuls to slants of a solid medium to deter- 
mine whether the organisms have been killed or merely restrained. In this manner 
a bactericidal test is conducted at the same time in which a few organisms have 
been exposed to the disinfectant for 5 days. The control should be subcultured at 
the same time to make sure that the organisms are viable. 

8. The results are expressed according to the highest bacteriostatic and bac- 
tericidal dilutions and also according to the bichloride or phenol coefficients pre- 
viously described. 

9. After obtaining in this manner an approximate idea of the activity of the 
compound under study, a second series of dilutions is prepared in which the 
variations from tube to tube are less marked. 

Method Employing Serum, Blood, Ascites Fluid or Muscle Extract.— 
These tests are conducted in exactly the same manner as described above except 
that to 89 c.c. of a suitable broth medium are added 10 c.c. of sterile serum, blood 
or ascites fluid; the mixture is then seeded with 1 c.c. of a broth culture of the 
test organism; with such organisms as the pneumococcus and streptococcus, how- 
ever, it is generally advisable to use 85 c.c. of both, 10 c.c. of serum, blood or 
ascites fluid with 5 c.c. of broth culture of the test organism. This gives a 10% 
solution of serum, blood, or ascites fluid, and while more or less may be emp!o)ed 
as desired, yet experience has indicated that the above is satisfactory for eliciting 
the influence of these substances upon the degree of antibacterial activity of dis- 
infectants. 

Numerous experiments have shown that while the bacteriostatic and bactericidal 
activity of various disinfectants is reduced to a greater extent on a 50% than 
on a 5% dilution of serum, defibrinated blood, or ascites fluid, yet for all practical 
purposes a 10% solution is satisfactory for this purpose and in view of the large 
amounts required, is to be preferred from the standpoint of economy. With muscle 
extracts, however, it may be advisable to use equal parts with broth (50%) but 
muscle extract may be prepared so cheaply and quickly, as required, that the 
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questions of economy and supply are not involved. These preparations are likewise 
slightly cloudy hut not usually to a degree sufficient for interfering with the ease 
and aceuiacv of readings. A niensltuum containing 10 % of a muscle extract pre- 
pared of oi dinary beef or veal requires a fai higher concentration of disinfectants 
than a menstruum of 10% blood or serum: this is doublless due to the presence of 
large numbers of various bacteria in addition to the test organism. 

Other special media like hormone-dextrose broth with brain tissue, ascites broth 
with sterile kidney, etc., may be employed in tests of this kind, and while the 
results vary according to the constitution of the medium, yet if mercuric chloride 
or phenol arc included in each and every test, the results may be expressed in 
terms of the coefficients oi indices. The coefficients, however, will vary according 
to the chemical nature of the compound as this is influenced by the constitution of 
the medium; for example, some compounds of mercury, like mercurophen and 
metaphen, maintain a higher degree of bacteriostatic activity in a serum, blood, 
or brain medium than mercuric chloride and thereby yield higher coefficients. In 
other words, while the bactericidal activity of almost all disinfectants is reduced ' 
in the presence of serum, blood, muscle extract, etc., the degree of reduction varies 
considerably among different compounds. 

Method Employing Solid Media; Mycostatic Test. — It is very easy to employ 
solid culture media in this technic and for such organisms as grow better on solid 
than fluid medium, as the various yeasts and molds, the former are to be-preferred. 

In conducting this lest, a series of dilutions of the disinfectant in amounts of 
1 c.c. in sterile distilled water are prepared in sterile test tubes as previously 
described. To each lube and a control are now added 9 c.c. of an appropriate 
agar medium cooled to 42° to 45° C.; the contents are well mixed and allowed 
to harden in slants. The dilution in each tube is now 10 times higher; or 4 c.c. of 
medium may be added to each tube, which renders the final dilution in each 5 
limes higher. 

For such organisms as staphylococci, B. typhosus, B. coli, etc., plain 2% agar 
(pH 7.1) may be employed; for streptococci and pneumococci a hormone-dextrose 
(0.1%) agar with a pH of 7.7 is to be preferred. For tubercle bacilli, a glycerin 
agar may be employed since an egg medium may be unsatisfactory because heating 
for inspissation and sterilization may break up some disinfectants. For parasitic 
molds like Trichophyton rosaceum, Microsporon audouini and Achorion schoen- 
leinii, Sabouraud’s maltose medium titrated to -f- 1.0 to phenolphthalein, may be 
employed. Whatever medium is chosen, it must be adopted for cultivating the 
test organism, should be sterile, liquefied by heating, and added to the tubes 
containing varying dilutions of the disinfectant while still fluid after being cooled 
to 40° to 45° C. After hardening has occurred, each tube is inoculated in as 
uniform manner as possible and the lubes incubated for a period of 5 to 10 days 
(mycostatic tests for two weeks or longer at room temperature) as decided upon. 

The results are expressed according to the highest dilution of disinfectant capable 
of preventing the growth of the test organism. Mercuric chloride or phenol controls 
may be included and the results expressed in terms of coefficients. 
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; CHAPTER XXVI 

METHODS FOR THE COLLECTION OF BLOOD AND SERUM 

' • ‘ COLLECTION OP BLOOD 

Precautions. — 1. Collection from a vein is advisable and tbe left arm is 
preferred. 

2. Blood should not be taken immediately after a meal but any time after one 
hour is satisfactory. It is not necessary for the patient to be fasting. 

3. As far as possible avoid drawing blood for the Wassermann test during febrile 
periods and acute alcoholism. 

4. Sterile containers are advisable, although if the test is to be done within three 
days the presence of a ’few organisms is without effect. 

5. Five to 10 c.c. of blood are sufficient. JThen mailed a small container should 
be used in order that the contents shall reach almost to the stopper to avoid undue 
agitation and hemolysis. The specimen should be carefully wrapped in cotton or 
other material to protect against breakage, and mailing cases should be those 
approved by the postal service. 

6. Specimens for mailing should be shipped at once in order to avoid undue 
hemolysis and nntieomplemcntary sera. Under these conditions specimens can be 
shipped long distances. It is advisable to send them by air mail or special delivery. 

7. If cotton stoppers are used, due care must be taken to prevent blood from 
coming in contact -with them. 

8. Each specimen should be labeled at once to prevent the very regrettable and 
inexcusable mistakes sometimes made. Labels may come off and should be held on 
with rubber bands. 

-.From the Veins Of Adults. — 1. Place a tourniquet (not too tightly in order 
not to shut off arterial circulation) about the arm above the elbow; request patient 
to open and close the hand vigorously. Select a vein usually best seen or felt in 
the flexor surface of the elbow (Fig. 312). A vein in tbe forearm or back of tbe 
hand may be used. 

2. Cleanse the skin over a prominent vein with tincture of iodine and alcohol. 

3. Remove 5 to 10 c.c. of blood with a sterilized Luer or Record syringe fitted 
with a No. 20 to 22 needle (Fig. 313). Transfer the blood to a small sterile test 
tube, vial or other suitable container. 

4. The Keidel tube is particularly convenient. A modified Keidel tube made by 
Harris Comer, Philadelphia, enables one to see a flow of blood and, therefore, that 
the vein has been entered, before the neck of the vial is broken (Figs. 314 and 



Ccphalici 

Median 

cephalic (x) 


Basilic 

Median ' 
basilic (x) 


Anterior 
. ulnar 


-v METHODS FOR COLLECTING BLOOD AND SERUM 581 

315). This lube is particularly convenient. After filling with blood, the ampule 
should be sealed by bending over the rubber stem with a rubber band to prevent 
loss if specimen is mailed. " 4 ' , ‘ 

5. Release the tourniquet arid then withdraw the needle. ' 

6. As a general rule, the wound requires no further attention, unless several 

punctures have been made, in which case , . 

it should be cleansed -with alcohol and 
covered with flexible collodion, 

' From an Artery. — Blood may be 
safely taken from a radial, hrachial, or 
femoral artery, but this is seldom ^re- 
quired. The technic is the same as veni- 
puncture. A No. 20 needle is usually 
adequate. Upon withdrawal the wound 
should be compressed firmly and long 
enough to prevent a hematoma. Accord- 
ing to Nicholson a greater percentage of 
positive blood .cultures are secured with 
arterial blood and especially in bacterial 
endocarditis. 

From a Finger. — 1. Small amounts 
of blood for agglutination, Wassermann, 
transfusion, blood chemistry (micro- 
methods) and other tests are easily ob- 
tained by puncturing a finger. 

2. The hand must be warm with good 
circulation. If cold and clammy, have 
patient immerse - the hand for a few r min- 
utes in hot w’ater and rub briskly .with a 
towel. 

3. Cleanse tip of finger with alcohol; 
dry. > 

4. Puncture across the lines at tip of 
finger' with a blood lancet of the spring 
release type, a one-half pen-nib, a three- 
cornered surgical needle, or a cataract 
knife. Cleanse, the instrument with alco : 
hoi before use. 

. 5. Massage blood into a small test 
tube; . with a large tube too , much is 



Fjc. 312. — Choice of Veins for 
Intravenous Injections and 
Securing Blood . 

.. The sites of,.choice are marked 
with an '(x); it is always ad- 
visable to avoid punctures near 
the crease of . the elbow in order 
to avoid subsequent ..discomfort! 
(From Kolmer, , Chemotherapy / 
with Special Reference to the 
Treatment off Syphilis, W. B. 
Saunders- Co.) 


lost .on the sides (Fig. 316). _ Small . , 

amounts may be collected in a, Wright capsule (Fig. ,317). - 

From Infants. — Blood may he. obtained at birth -by allowing the umbilical 
cord to bleed about 5 c.c. into' a container. \ ‘ 



Fic. 313.— S\bince Method ron Obtumnc Biood 
(From Kolmer, Chemotherapy, W. B. Saunders Co.) 



Fic. 314. — Seccki-yg Blood with the Keioel Tube; Method of Passinc the Needle 
(From Kolmer, Chemotherapy, IT. B. Saunders Co.) 
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A few c.c. of blood may >be readily* obtained from infants by puncturing one 
of the large'toes with a lancet and massaging the blood into n small test tube, 
as described hbo\e for securing blood by puncture of n finger. 

In the case of children from 1 to 6 years, sufficient blood may be obtained by 
puncture of one or several fingers. In children over 4 years of age, a vein may 
be entered and blood drawn with a.Keidel tube or sy ririge as in the method 
above described. 

Blood may he obtained with a syringe from 'one of the external jugular veins 
as follows: (1) Place the infant on 
its side' on a pillow so that the bead 
hangs’ down on ’a table or bed. 
During crying the ^ein is easily 
seen and felt. (2) Have an assist- 
ant make pressure with an index 
finger in the supraclavicular fossa 
to distend the xein. (3) Steady the 
vein below the angle of the jaw 
and enter the vein with the needle 
pointed downward toward the as- 
sistant’s finger (Fig. 318). 

The long saphenous vein just an- 
terior to and slightly above the 
internal malleolus is also service- 
able: (1) Wrap the child in a sheet 
Fic. 317.— CoLLECTiPtc Biood in a Wmciir ant J place at the edge of a bed or 
Capsuie - .table with the buttocks and thighs 

tZZ w!Ts '££‘£r m " r <« a pp'p *, 

just below the knee. (3) Have an 
assistant steady the leg. (4) Prepare the skin and conduct venipuncture with n 
No. 20 needle attached to a syringe. 

Blood may be secured from infants under one year of age by puncture of the 
superior longitudinal sinus as follows: 

1. The infant is wrapped in a blanket and the head is* steadied by an assistant. 

2. The puncture is made on the median line of the posterior angle of the anterior 
fontanel (Fig. 319). 

3. The skin is carefully cleansed. The needle, gage No. 18, with a short bevel, 
sterilized and attached to a sterile 5 c.c. Record or Luer syringe, is passed inward 
at a right angle for a distance of about 4 millimeters and suction made; if blood 
does not flow the needle should be passed about 2 millimeters farther, which 
suffices for the majority of children up to 15 months of age. 

4. At least 3 to 5 c.c. of blood may be safely withdrawn and discharged into a 
vial. The puncture site is then cleansed and may be sealed with a touch of collodion. 

Method for Obtaining Blood at Autopsy. — The heart blood is preferred. 
After searing the epicardium, a needle or sharp pointed pipet is passed through 





Fic. 318. — Method of Obtaining Blood from an External Jucui.au Vein 

The patient is a child six years of age; shows the position of the patient and manner of 
distending the vein by pressure above the clavicle. A 5 c.c. Record syringe fitted -with a No. 20 
needle is being U'-ed for the withdrawal of blood. The distended vein is painted with tincture of 
iodin to indicate the position. (From Kolmer in Keen ’s Surgery, W. B. Saunders Co.) 



Fig. 319. — Method of Obtaining Blood and Giving an Intravenous Injection by Wav of ihl 

Superior Longitudinal Sinus 

The child is six months of age; the shape and size of the anterior fontanel have been outlined; 
a 5 c.c. syringe fitted with No. 18 needle is being employed, the needle having been entered for 
about 6 millimeters in the median line at the posterior angle and perpendicular to the sinus. 
(From Kolmer in Keen’s Surgery, W. B. Saunders Co.) 
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the muscle into the right auricle or ventricle. Unless the Hood fa comparatively 
fresh, the serum is apt to he anticomplementary. 

SEPARATION OP THE SERUM 

1. If serum is desired at once, allow the blood to coagulate for a few minutes, 
break up thoroughly with a rod and centrifuge. 



Fic. 320 . — Hemovinc Serum from a Wbicht Cakulc 
(From Kolmer, Injection, Immunity and Biologic Therapy, W. B. Sounder* Co.) 


2. If serum is not needed at once, place specimen in a refrigerator for spon- 
taneous contraction of the clot and separation of serum (Fig. 320). If this is un- 
satisfactory, break up the clot with a rod and centrifuge. 

METHOD FOR THE COLLECTION AND PREPARATION OF NORMAL 
AND CONVALESCENT HUMAN SERUM 

1. Sterile human convalescent serum is frequently employed for the prophylaxis 
of scarlet fever, measles, mumps, chickenpox, acute anterior poliomyelitis, etc., and 
for the treatment of scarlet fever. Normal pooled adult human serum is also em- 
ployed for the prophylaxis of some diseases as well as for the treatment of 
hemorrhagic states. 
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2. Convalescent blood may be taken from donors following recovery or when 
convalescence is well established. 

3. Rigid precautions must be taken against contamination during the collection 
of blood and piepaiation of serum because a serum once contaminated should not 
be used even though subsequently rendered sterile by antiseptics. Severe shock 
leactions may be produced by residual bacterial protein, denatured seium proteins 
or bacterial toxins (especially staphylotoxins) . 

4. Each seium should be examined by the Kolmer complement fixation, Kahn. 
Kline or Eagle tests and only those giving negative reactions employed for 
prophylactic and therapeutic purposes. 

Method. — 1. Adults or older children are preferred for donors. Do not collect 
blood immediately after a meal in order to avoid chylous sera. 

2. Have donor lying down. Carefully cleanse skin over a prominent vein at the 
elbow and apply tincture of iodine. The method of preparation is the same as for 
blood transfusion. 

3. For the collection of blood use a 500 c.c. Erlenmeyer flask fitted with a two- 
holed rubber stopper. Into one hole place a short piece of glass tubing connected 
with rubber tubing for suction by mouth or syringe. Into the second hole place 
a short piece of glass tubing connected with rubber tubing carrying a gage No. 18 
needle. Sterilize in autoclave or by boiling. 

4. Apply tourniquet to the arm (not too tightly) ; have patient open and close 
the hand to distend the veins. Enter the needle into a prominent vein. With 
suction collect 300 or 400 c.c. of blood. Release the tourniquet; withdraw the 
needle; remove the iodine with alcohol; apply dressing. Have patient rest 5 minutes 
and drink a glass of water or milk. 

5. Remove the two-holed stopper from the flask and replace with a boiled solid 
rubber stopper. 

6. Allow blood to stand at room temperature for several hours. Rotate the flask 
to free the clot; place in refrigerator overnight. 

7. Carefully pipet the serum to sterile 50 c.c. centrifuge tubes fitted with sterile 
rubber stoppers or caps and centrifuge thoroughly to remove all corpuscles. 

? r . Carefully pipet the clear serum to sterile flasks or bottles. Keep the serum 
of each patient separate. 

9. Retain 2 or 3 c.c. for syphilis serological tests and culture 1 or 2 c.c. in 
50 c.c. of glucose hormone broth. Incubate at 37° C. for at least 5 to 10 days. 

10. Discard all contaminated sera or those giving positive syphilis reactions. 

11. Pool the remaining sera in sterile flasks or bottles with rigid aseptic care. 
To each 100 c.c. add 10 c.c. of 1 : 500 aqueous solution of metaphen or 1 c.c. of 
1 :50 aqueous solution of merthiolate. Mix thoroughly. 

12. Dispense the serum in sterile vials or bottles with sterile rubber stoppers or 
caps. It is advisable to culluie one or moie vials for a final sterility test (incubate 
10 days,). Both aerobic and anaeiobic cultures are desirable. 

The finished serum should be crystal clear; free of erythrocytes, bits of fibrin 
and fats; sterile and Wassermann-negative. 
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PRESERVATION 07 SERUM 

1. Sterile serum may be kept in sterile vials or other containers in a refrigerator 
without a preservath e, but this is inadvisable in the case of sera for administration 
to human beings. 

2. Otherwise it is well to add a preservative as 0.5 % phenol or tricresol (pre- 
ferred). Keep a 5% stock solution and add 0.1 c.c. to each c.c. of serum. 

3. Rabbit serum hemolysins may be preserved by adding to the serum an equal 
part of chemically pure glycerin; mix well and keep in refrigerator. 

4. Immune sera (antitoxins, agglutinins) may be preserved in dried powder 
form. 

The Lyophile Process for the Preservation of Complement and Hitman 
Sera. — An excellent method for preserving normal and immune sera including 
guinea-pig complement, is by freezing and dehydrating rapidly under liigh vacuum 
by an apparatus devised by Flosdorf and Mudd.* As described by Mudd, Flosdorf, 
Eagle, Stokes and McGuinness,* the serum or other biologic material to be pre- 
served is distributed with sterile precautions into glass containers. These are im- 
mersed in a bath of Dry-ice in a commercial solvent (Methyl Cellosolie) 
at a temperature of approximately —75° C. The containers of the frozen scrum 
are attached to a manifold which leads through a condcn«cr to a vacuum pump. 
The condenser is kept at — 75° C. with a bath of Dry-ice in the same solvent. The 
whole S)&tem is rapidly evacuated and held at a pressure below 0.05 mm. of 
mercury by the vacuum pump. Water vapor evaporates from the frozen serum to 
be trapped as ice in the condenser; the rate of evaporation is sufficient to keep 
the serum frozen throughout the process of desiccation. The containers are sealed 
without breaking the original vacuum. Storage for prolonged periods should be 
at refrigerator temperature. Tlie light porous residue of scrum solids quickly and 
completely dissolves in distilled water to regenerate a serum the potency of which 
is not detectably different from the original scrum. This procedure has been 
termed the “lyophile" process. 

Lyophile serum may be restored to liquid form by the addition of distilled 
water to one-half or even to one-fourth the original volume. This concentration is 
of considerable practical advantage, particularly in the routine intramuscular ad- 
ministration of the serum to children, since less painful injections of smaller 
volumes of liquid are thus made possible. 

The blood is collected in 400 c.c. pyrex centrifuge bottles. Fitted on these bottles 
is a two-holed rubber stopper through which pass 2 glass tubes, one 2 inches and 
the other 3 inches long, To the 2 inch tube is attached a piece of rubber tubing 
18 inches long; this tube contains a cotton plug and to its end is attached a hard 
rubber mouthpiece for suction. To the 3-inch glass tube is attached an 18-inch 
rubber tube, to the other end of which is fitted a “Luer-lock” adapter. A 2-inch 

1 /. Immunol^ 1935, 29:389. The apparatus is made by the F. J. Stokes Machine Company of 
Philadelphia. 

* /. A. M. Asso n 1936, 107:956. 
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No. 18 gage needle will give an adequate How of blood when aided by the reduced 
pressure caused by the mouth suction and causes the donors little pain. 

At the end of the bleeding the suction is slopped, the tourniquet is released about 
20 seconds later and the needle is then withdrawn. Enough blood may then be 
milked from the tube to which tile needle is attached for the performance of the 
Wassermann or Kahn test. After the bleeding, the rubber stopper with the bleeding 
and suction tubes attached is removed from the bottle. The neck of the bottle is 
flamed and then closed with a sterile solid rubber stopper. 7n order to give added 
protection a piece of sterile lead foil is then placed over the solid stopper and 
pressed down clo=e to the side of the bottle. A number of bleeding outfits, z.e.. 
the perforated stopper with rubber tubing attached, and centrifuge bottles, are 
kept on hand and are put up in autoclaved packets. 

The blood after collection in centrifuge bottles is stored overnight in the re- 
frigerator. The clot is then “rimmed,” the bottle centrifuged and the serum removed 
with sterile precautions. This is best done hv aspiration with negative pressure in 
a dust-free room. The serum so obtained containing erythrocytes is Tecentrifugated. 
and aspiration is repeated without disturbing the red cell sediment. The serum is 
not mixed with serum from other donors for pooling until a negative Kolmer- 
Wassermann or Kalin report has been received and until a sterility test has shown 
the absence of gross contamination of pathogenic bacteria. 

To prepare Ivophile human serum for intravenous use the foregoing routine is 
modified. The pooled serum, in large volumes is processed without filtration and is 
then regenerated. The turbid regenerated serum is clarified by passage under 10 
atmospheres of air pressure through a Berkcfeld V filter (such a filter testing at 
about 6 pounds). This clarified serum is then refiltered to insure sterility through 
a Berkefeld W (14 pounds) candle and 5s distributed into final containers and 
again lyophile processed. The volume of serum filtered should be as large as 
practicable in proportion to the size of the filters, in order to minimize losses 
by adsorption and occlusion in the filters. This doubly filtered, doubly processed 
serum redissolves to a clear or opalescent solution in as little as one-fourth its 
original volume of distilled water, and on intravenous administration has the 
desired clinical effect of reduction of cerebrospinal fluid pressure arid increase of 
arterial blood pressure as well as of immunological benefit. 

The Cryochem Process for the Preservation of Complement and Human 
Sera. — More recently, Flosdorf and Mudd have developed a process for accom- 
plishing the diving of labile biological substances from the frozen Stale which 
is considerably cheaper and simpler than the lyophile process. Dry-ice is not 
required either for initial freezing or for condensation of the evaporated water. 
A chemical, known as Drier ite (anhydrous calcium sulfate, specially prepared at 
about 200* 0.) is used for absorption of the water vapor and is repeatedly ie- 
generable. 

The containers of material are attached to the apparatus and the serum pumped 
essentially free of gases under low vacuum for about a half hour. A high vacuum 
is then established and the initial freezing is spontaneous, taking place immediately 
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as a result of the particularly rapid dehydrating action of the Drierite. During 
the desiccation, not as high a vacuum is required as in the Iyopliile process and 
completion of the drying is accomplished in a shorter lime. 

In many cases the final product has superior solubility and other characteristics, 
but presents a somewhat Jess attractive appearance. In cases where appearance 
might be a major factor, the serum may be frozen initially with Dry-iee or oilier 
means. The spontaneously self-freezing of the serum cannot be accomplished with 
the cold condensers of the Iyopliile apparatus, except with very small quantities, 
because of the insufficiently rapid remoral of water vapor by that means. 

The apparatus and Drierite may be purchased from the F. J. Stokes Machine 
Co., Philadelphia, Pa. In regeneration of the Drierite, with smaller units, the ordi- 
nary hot air sterilizing orens may be used for driving off the moisture. The larger 
models of the apparatus are equipped with built-in electrical regeneration units so 
that the chemical need not he removed from the apparatus. When the Drierite has 
been used to capacity, the electric switch is turned on for regeneration. After a few 
hours, the material is allowed to cool over night and is then ready for further use. 

At no time is Dry-ice storage required, much less attention is needed, and there 
is no increased cost resulting from sub-capacity operation. These and other factors, 
as well as the low general cost, make this process much more practical for clinical 
laboratory use. 


-•1 



CHAPTER XXVII 

METHODS FOR CONDUCTING AGGLUTINATION TESTS 


Agglutination methods for the identification and differentiation of pneumococci, 
meningococci, typhoid. paial\phoid and djsentery bacilli, B. mallei. Vibrio 
comvia, Pasteurella boviseplica and other Pasteurella of hemorrhagic septicemia, 
Leptospira icterohaemorrhagiae, etc., are given in Chapter XIX under the respective 
organisms. 

The agglutination tests for human blood grouping are given in Chapter XXVIII. 

In this chapter are given methods for agglutination tests with patients’ sera 
submitted for diagnostic purposes. 

ROUTINE MACROSCOPIC AGGLUTINATION TEST 

1. Obtain 2 to 5 c.c. of patient’s blood by venous puncture and separate the 
serum. 

2. Arrange 6 small test tubes in a rack. 

3. In the first tube place 2.3 c.c. of 0.85% saline and 1 c.c. in all the remaining 
tubes. 

4. To the first tube add 0.2 c.c. of serum; mix, transfer 1 c.c. to tube No. 2 and 
discard 0.5 c.c.; mix the contents of tube No. 2 and transfer 1 c.c. to tube No. 3 
and so on until the last tube from which 1 c.c. is discarded. 

5. To all tubes add 1 c.c. of antigen and shake well. The final dilutions of serum 
xvill now be 1:25; 1:50; 1:100; 1:200; 1:400 and 1:800. (The preparation of the 
various antigens that may be used are described under the diseases for which this 
test is recommended.) 

6. Incubate the tubes at 50° to 55° C. for 2 hours and place in the refrigerator 
overnight. 

7. The following controls should be included; a set up similar to the above 
using a positive serum and one with a negative serum. Also include 1 tube carrying 
1 c.c. of saline and 1 c.c. of antigen; this is known as the antigen control tube. 

8. Readings: When reading the test, examine the antigen control tube first. It 
should be uniformly cloudy, showing the organisms to be in suspension. If there is 
any settling at all it should show as a small spot in the bottom of the tube. Examine 
the negative serum control to eliminate any possible nonspecific or spontaneous 
agglutination in dilutions other than those considered within the normal limit. The 
positive control tubes should show positive reactions indicating the sensitivity of 
the antigen. 

The reaction in each tube of the unknown should be noted. A positive reaction 
is indicated by a clear supernatant fluid with an irregularly distributed granular or 
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flocculent sediment. To examine sediment hold tube rigid nt the top and gently tap 
the bottom just sufficient to stir up the sediment which appears as masses or 
clumps in positive reactions. Too muih agitation may resuspend the antigen. Par- 
tial agglutination is recorded when the supernatant fluid is slightly cloudy (less 



Fie. 321.— Positive Macroscopic Accurnvxno'i Reaction 
(From Kolmcr, Infection, Immunity ond Biologic Therapy, W. B. Saunders Co.) 


than in the antigen control tube) and the sediment definitely granular or floccular 
(Fig. 321). 

AGGLUTINATION METHODS FOR TYPHOID AND PARATYPHOID FEVERS 

Principles. — 1. Many different methods hate been proposed. The oldest is the 
microscopic method of Widal and Grunbaum, employing living cultures and solu- 
tions of dried blood or serum. 

2. Typhoid and paratyphoid bacilli usually contain two antigens designated as 
follows: (1) The H antigen occurring in the flagella of motile forms and producing 
H agglutinin. The antigen is thermolabile and is destroyed by 50% alcohol. The 
agglutinin, however, is thermostabile and produces floccular agglutination (large, 
coarse, or flaky masses) and is believed to be largely type or species specific. 
(2) The O antigen occurring in the somata (bodies of the organisms) and pro- ' 
ducing O agglutinin. The antigen is thermostabile, resistant to 50% alcohol but 
inhibited by strong solutions of formaldehyde and phenol. The agglutinin is 
thermolabile and produces the granular type of agglutination (fine granular 
masses) believed to be largely group specific (may agglutinate D. enleritidis and 
otheT enteric organisms). 

3. The use of both H and 0 antigens in agglutination tests is believed to be of 
more diagnostic value than microscopic or macroscopic tests employing a single 
living culture. Thus it appears that normal agglutinins are not as likely to be 
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. present for II antigen as for, 0 antigen. Positive reactions withH antigen (floe- > 
cular) indicates that the individual has typhoid fever, has had it. of -has 'had r 
. vaccine. Positive reactions with O antigen (granular) are said to occur earlier .-in' - 
• ilie disease (even with negative blood cultures) and to indicate that-, the individual . . 4 
lias infection caused by the species of organism used in, the test or, to one closely 
allied to it. This agglutinin, however, may occur in the sera of normal; individuals 
in final dilutions as high as 1: 100. - . \ . ’ - , : - -• - ' ‘ - 

In individuals immunized with vaccine and showing symptoms of typhoid fever, . . 
it is stated that positive 0 agglutination establishes the diagnosis .of typhoid fever, 
whereas positive H agglutination is without signficance. : ;V - 

4. Individuals actively immunized with typhoid-paratyphoid ‘ vaccine may show 
a temporary increase of typhoid agglutinins during undulant . fever, influenza and , • 
possibly other acute infectious diseases. This is called the anamnestic reaction and 
is frequently confusing when typhoid fever is suspected in individuals who have 



Fig. 322. — A Satisfactory Culture for Fig. 323.— An Unsatisfactory Culture 
Microscope Widal Test for Microscope Widal Test 


Note, proper (tensity ami freedom from Note that it is too heavy and shows 

clumping. (From Kolmer, Infection , Im- false clumping. (From Kolmcr, Infection, 

rnunity and Biologic Therapy, W. B. Immunity and Biologic Therapy, W. B. , 

Sauociers Co.) Saunders Co.) 

had a previous attack or the vaccine. If typhoid fever is present the agglutinins, 
however, usually progressively increase and according to Topley and Wilson, 
especially for the 0 antigen. 

5. Not all strains of typhoid and paratyphoid Bacilli are suitable for aggluti- 

nation tests- Some strains are not agglutinable (due to the presence ‘of; the Vi or . . V 
virulent antigen) and especially' those recently isolated. Antigens should be"' pie-". . 
pared of suitable strains like ,0901 and H901 which' are' believed suitable for the ■ ; , 
preparation of both antigens. Hospital laboratories can usually obtain suitable / ; ( 
strains from their State Board of Health laboratories.-' . Vy ' ..-'.F 

6. The temperature and duration of incubation of antigen and serum are like- , 

wise important technical phases., . . ■ . ; V -‘.-W ■ 
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7. Not all cases of typhoid fever give positive agglutination reactions. With 
microscopic tests employing living cultures positive reactions occur in about 60 
to 70% during the first week and 80 to 90% by the third or fourth week. By using 
both antigens, however, a higher percentage of positive reactions occur. 

Microscopic Tests Employing; Living Cultures. — 1. Actively motile organ- 
isms of smooth colonies are preferred. The cultures of typhoid or paratyphoid 
bacilli (A and B) may be grown in broth for lb to 24 hours. At 25° C. (on lop 
of the incubator) longer forms usually occur. Do not shake the culture and use 
upper part. Stock cultures on agar slants may be kept in a refrigerator and trans- 
planted at intervals. When tests arc frequently 
conducted the broth cultures should be sub- 
cultured daily. Cilbcrt and Coleman recom- 
mend 2 to 4 hour cultures in bile peptone solu- 
tion, the density of which is approximately 
one-half that of No. 1 of the McFarland 
nephelometer. The culture should be free of 
clumps or spontaneous agglutination (Figs, 
322 and 323). 

2. Since living cultures are employed, due 
care must be exercised and the slides, cover- 
glasses, etc., placed in 5% cresol or boiled 
Fic. 321. — A Positive Tidal HeAcno, f ° r s IiD"d]in B and cleaning. 

( Wood ) The working table should be wiped with 5% 

cresol. 

3, The tests may be conducted with serum as follows: (a) Prick finger and 
obtain 0.5 to 1.0 c.c. of blood in a small test tube or fill a Wright’s capsule. 

(ft) Draw off serum with capillary pipet after standing or centrifuging (serum 
should be clear and free of corpuscles). 

(c) Take two small watch crystals, hollow slides, or small test tubes and place 
0.05 of serum in each. 

( d ) Add to one 1.0 c.c. of normal salt solution and to the other 2.0 c.c., making 
dilutions approximately 1:20 and 1:40 respectively. 

(e) Place 1 loopful of culture of typhoid bacilli in the middle of each of 3 
coverglasses. 

(/) To the first, mix one loopful of serum diluted 1 : 20. To the second, mix 1 
loopful of serum diluted 1:40. To the third, mix 1 loopful of normal salt solution. 

(g) Mount each in vaseline on hanging drop slide. The final dilutions obtained 
are 1:40 and 1:80; therefore, mark the slides as follows: No. 1, 1:40; No. 2, 1:80; 
and No. 3 control. 

(ft) Make similar preparations with the paratyphoid cultures. 

(t) Allow to stand at room temperature or preferably in an incubator at 37® C. 
for an hour. 

(/) Examine with 1/6 objective using very subdued light. Controls should be 
inspected first and should not show any clumping or loss of motility. 
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(fc) Examine tlie 1:40 and 1:80 dilutions for clumping and loss of motility and 
agglutination (Fig. 324). 

(0 Higher dilutions may be employed but the above are ordinarily sufficient. 
If the patient has not had a previous attack of typhoid fever or typhoid-paraty- 
phoid vaccine within 3 years, positive reactions are usually indicative of typhoid 
fever. 

Macroscopic Test Tube Method. — 1 . Prepare the antigen of suitable agglu- 
tinable motile strains producing smooth colonies. Inoculate pint Blake bottles 
of beef infusion agar (pH 7.0 to 7.2) and incubate for 24 hours at 37° C. Wash 
off with 0.35% formalin in normal saline solution (0.35 c.c. of U.S.P. formalin 
diluted to 100 c.c.) and dilute with the same until the suspension corresponds in 
turbidity to No. 3 of the McFarland nephelomeler or to contain about 900 million 
bacilli per c.c. Il may be necessary to filter through several layers of cheesecloth 
to remove large clumps and secure an even suspension. This antigen will keep 
for at least 6 months in a refrigerator. 

Or the antigen may be prepared by cultivating the organism in broth (pH 7.0 to 
7.2) for about 72 hours. Centrifuge thoroughly at high speed and discard the 
supernatant fluid. Suspend the sediment of bacilli in the 0.35% formalin solution 
and dilute to the same turbidity or numerical strength. Filter through cheesecloth 
if necessary and keep in refrigerator. 

2. Conduct the tests as described on page 591. 

3. If the tests are conducted with the serum of an individual previously vacci- 
nated with typhoid-paratyphoid vaccine and suspected of having typhoid fever, 
the test must be conducted every 2 or 3 days with the same antigen and with great 
technical care. A definite rise in agglutination titer indicates typhoid infection; if 
the titer remains fairly constant, typhoid infection is probably not present. 

4. Duplicate tests may be set up in the same manner with antigens of the para- 
typhoid bacilli (A and B) prepared by either method. 

Macroscopic Tests with H and 0 Antigens. — At the present time it may be 
stated that agglutination tests with these two antigens, one (H) to demonstrate 
the flagellar or species-specific, and the other, the somatic (O) or group agglu- 
tinative properties, usually furnishes information of more diagnostic value than 
the microscopic test with living culture. 

1. The H or formalin treated antigen may be prepared as described by Gilbert 
and her colleagues as follows: the 24-hour growth from beef-infusion agar in a 
pint Blake bottle is suspended in from 20 to 30 c.c. of 0.85% salt solution con- 
taining 0.2% formalin. After 72 hours in the refrigerator, tests for bacterial 
growth are made and, if necessary, more formalized salt solution is added. After 
the micro-organisms have been killed, the turbidity is adjusted to correspond to 
barium sulphate standard No. 3 by the addition of salt solution containing 2.0% 
formalin, and the agglutinability of the suspension is tested. 

2. The O or alcohol treated antigen is prepared by washing the growth in 10 c.c. 
of 0.85% salt solution containing 0.5% phenol. The growth from several bottles 
is combined and one-half the volume of absolute alcohol or a porportional amount 
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of 95% alcohol is added slowly, while the suspension is constantly stirred. It is 
then allowed to remain at a temperature of 35 to 37° C. for about 18 hours after 
which the supernatant fluid is decanted and tested for bacterial growth and 
ogglutinability. After determination of the dilution nefessary to secure a density 
equivalent to that of barium sulphate standard No. 3, sufficient alcohol is added 
to the concentrated suspension to give 2.5% in the diluted antigen, which should 
contain not more than 0.0 t% phenol. 

3. The tests are set up in small te«t tubes as described on page 591 with each 
antigen. 

4. Clear supernatant fluids and, after gentle shaking, clumps which are definitely 
seen by the unaided eye, constitute positive reactions. Vigorous shaking should be 
avoided, since clumps of the floccular type (II) are easily dispersed. 

Absorption Test for Differentiating Between Typhoid and Paratyphoid 
Fevers. — 1. Arrange 4 rows of 4 small test tubes, each row to contain 1 c.c. of 
serum dilutions 1:20, 1:40, 1:80 and 1:160, respectively. 

2. In each tube of the first and second rows emulsify 5 large loopfuls of typhoid 
bacilli. Add an additional control tube carrying 1 c.c. of saline and culture. 

3. In each tube of the third and fourth rows place paratyphoid bacilli (A or B 
as decided ) ; add a control tube. 

4. Mix gently and place in water bath at 37° C. for 2 hours. The results are 

then recorded. * 

5. Centrifuge all tubes except controls and transfer supernatant fluids to four 
more rows of tubes. 

C. To each tube of the first and third rows add typhoid bacilli; to the 6econd 
and fourth rows add paratyphoid bacilli. Mix well and place in water bath 2 
hours at 37° C. 

7. If typhoid fever is present, agglutination will be strong in the first and 
second rows of the first part of test and practically unchanged in the third row 
of the second part. 

8- If paratyphoid is present, agglutination will be strong in the third and fourth 
rows in first part of the test and practically unchanged in the fourth row of the 
second part. If paratyphoid B is employed with negative results, repeat the test 
with paratyphoid A. 

AGGLUTINATION TESTS FOR BRUCELLA INFECTION OF MAN 
(UNDULANT FEVER) AND OF THE LOWER ANIMALS 

Brucella infection of man resulting in undulant and Malta fevers is likely 
to be mistaken clinically for typhoid fever. It is therefore a growing and praise- 
worthy custom to routinely test all sera for Brucella aborluf agglutinin submitted 
for the typhoid test. For this purpose the test tube method described below is fairly 
satisfactory although the Huddlesori method is better. 

Some laboratories conduct a test on all sera submitted for the Wassermann test 
since the disease may occur in a clinically unrecognized form because of mild 
symptoms and particularly in young adults and children. 
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! - ,;:.Test; ; TtiT3.e Method- with*. Human’ ;aiid Cattle ;Sera;-^T/V:The \antigpn 

f Ftr r/hnr/ltc rm rrlx-cr-rirt 



* laud hephelometer, 



With 


dheesecloth dr paper. Dilute Avith' saline solution to give suspension cprrcspqndjrig'; \r, 
'to , One-half the density of N'o. 3 of tlie McFarland neplieloineleiv Heat in a wafer ’ ‘ ‘J‘l 

e hour.' To. each lOO c.c. add 0.1'c.c.- of fornialin^as a ' 

v , ,• . ", ; '/"'ft* 


batli at 60 to 65 9 C. for one 
preservative. 

Both antigens should be kept in a refrigerator for 2 to; 4. days when .subcultures', 
are made on liver infusion agar and incubated for '5 to; 7 days for sterility. Both . 
antigens, will keep at least six months in .a refrigerator;'.-;'" V >-•*. , 

2. In testing human sera (unheated) the macroscopic method , described on page , * 

591 may be employed.' ' .V.V- !- j*) -V' ■. * ' ' " * ‘ , 

A. positive reaction in 1: 10.0 or higher Jndicates the. jirdbablc presence- of uu-,- . 

dulant fever due to infection Brucella uborllis; N)dtmai, 'agglutinins 'may. pro:, ; 
duce partial agglutination at 1: 50. */,.'• ' •• . ... 1 

3. In testing cattle sera (unhealed) arrange 5‘test tubes and, place the following, 

amounts of serum: 0.1,. 0104,’ 0.02 and 0.01 c,c. placb'ftOi’l :■ c.c of saline in/No. 5 . . : , 
.(antigen control) . , //y )>' '• >/;')*: % '* - ,■ ’ 

(a) Add 2 c.c. of antigen to; eacli (tube: and- mix. The final dilutions) in the . 
first 4 tubes are novrT::.20, .1:)50, .1: TOO -and- 1: 2pQ.>;' > ' •• 

(b) Place in water bath or incubator at, 55° "C.- for 4 hours . and then in re- -‘ : 

frigeralor overnight, or place in incubator at 37* C. for 24 hours.: •' • 

(c) Agglutination at 1: 50 or higher is a positive reaction. Partial , agglutination ;v. ' ; 

at 1:50 is weakly positive. Complelcor partial agglutination in 1:20 only is suspi-r'V i' v 
cious. No agglutination at 1:20 or higher is negative. ■ i . V;= 

Huddleson Rapid Agghitination Test.— The agglutination, test by HudSlesdn :, V; 
and his coworkeis described herewith affords , a rgpid ;and accurate, method : ..for f. 'V 
diagnosis with human and bovine sera and,'., is regairded;; as just as xelihble.hnd .Vy,V: 
specific as slower methods; .dying, to the extremely, small size, of .tlie organism,- Vv 
microscopic tests place quite, a strain .on lire dyes.--.;*!. .V: ^ 

A pparatus. — T. Serological pipets of 0.2 'c.c. capacity graduated. idiO.pi’ d.c.- ; ;' (: 

2. Two or 3 plates of double thickhess/AvnidoAV' 'glass fuledTyitHtdiamonipbmt^f AA 
into inch squares. A Convenient, sized$,14 by 6 inches' Avi tit laiS^uar^^ed-iKbn-.;^’^ 
zontally by 5 squares vertically; leaving, a blank margin’ of ontedi&if. incb afobndithd, ;■> / ) 
bottom and top of the plate, and il ihch' oh the. ends;. .A. 

■ „ S. Dark-field illuminaHon’.box -(optional') ..This/ajpparatosJ'.wBle'^f ;ungu4'tio»| (y 
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able value for making readings, may be dispensed with if the glass plate is placed 
upon an ordinary laboratory table with a black background. 

A convenient size box, 14 inches Jong by 9 inches wide ami 8 inches deep, can 
be constructed from one-half inch material. One side of the lop is covered to a width 
of 3 inches to protect the ejes of the ojierator from the lights which are placed 
just under the top extension piece near the ends. The inside of the box behind the 
lights is painted white and the remainder black. Tills serves to produce a black 
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background for objects placed on tile plate which receive their illumination in- 
directly. A snap switch on the cord controls the lights (see Fig. 325). 

4. Clean toothpicks for mixing serum and antigen on the glass plate. 

Preparation of Antigen. — 1. Inoculate Bloke bottles containing lher infusion 
agar with a suspension of Brucella abortus. A single strain, the agglutinahility of 
which has been previously determined by other tests, should be used. 

2. Incubate the cultures for 72 hours at 37° C. 

3. Wash off the growth with distilled water containing 12 % sodium chloride 
(C.P.) and 0.5% phenol. Use as little solution a3 possible or otherwise the suspen- 
sion will be too dilute and it will he necessary to centrifuge and remove some of (he 
supernatant fluid. It takes much longer to remove the growth with this solution 
than with ordinary physiological saline (often as long as 2 hours). 
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4. Filler the suspension through a thin layer of absorbent cotton to icinove 
pieces of the medium or other foreign material. 

5. Add 0.01 c.c. of a saturated aqueous solution of gentian violet to each 100 e.c. 
of suspension. This is added to prevent the growth of organisms not inhibited by 
the phenol. 

6. Place the suspension in a beaker and slowly boil for 10 minutes. 

7. Filter through a thin layer of absorbent cotton. 

8. Cool rapidly and adjust the reaction to pH 6.8. Hu; antigen is now ready 
to be standardized. 

Standardization of Antigen. — 1. Place 0.5 c.c. of antigen in each of 5 small 
test lubes and mark the tubes from 1 to 5. 

2. Add 12 r /o saline solution to each tube as follows: 

No. 1: 0.1 c.c. 

No. 2: 0.2 c.c. 

No. 3: 0.3 c.c. 

No. 4: 0.4 c.c. 

No. 5: 0.5 c.c. 

3. Thoroughly mix the contents of each tube. 

4. Test each of the 5 dilutions against 3 types of sera, namely, one containing 
agglutinins in a titer of 1:500 or 1:1000, one with a titer of 1:25, and a negative 
serum. 

5. The dilution which shows an absence of clumping, with the negative serum, 
complete clumping in, 0.08 c.c. of the serum with the titer of 1 :25, and complete 
up to and including 0.004 c.c. of the serum with 1 : 500 titer, is the one properly 
concentrated for use. The antigen can now be diluted in the same proportion as 
that in the lube giving the proper reactions in this test. 

. Procedure. — 1.. Separate the sera from the clots and centrifuge if necessary 
to remove corpuscles. Use unheated. 

2. The dark-field box should be placed where it is not too intensely lighted, as 
too much light from above interferes ivith the indirect lighting of the plate from 
inside the box. A desk lamp is of great advantage while the serum and antigen are 
being placed on the plate but it should be turned off when the tests are ready to 
be read so as not to interfere with the indirect lighting from the box. Do not turn 
on the light in the box until ready to read the test as the plate will otherwise become 
too tvarm. 

3. Arrange the serum samples in a row parallel with the box. The glass plate, 
with the etched squares upward, is placed over the opening of the box and the 
identification number of the serum sample marked with a wax pencil on either 
the lop or bottom of the row of squares used. 

4. With a clean 0.2 c.c. pipet, draw up serum from the first blood sample to 
the zero mark on the pipet. Beginning in the bottom left-hand square of the plate, 
place the following amounts of serum in the succeeding squares towards the top 
(see Fig. 325) : 
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1st square (0.08 c.e.) 0.08 

2nd square (0.01 ex.) 0.12 

3rd square (0.02 c.c.) 0.14 

4th square (0.01 ex.) 0.15 

5th square (0.004 c.c.) about midway, 

0.15 and 0.16 


5. This manner of placing the scrum brings the smallest amount farthest from 
(he heat of the eleptric bulb, reducing the rapidity of drying of the smallest amounts 
of serum. The procedure is continued, using the next set of vertical squares and 
a separate pipet for each Sample. The best results arc obtained by testing only 
four or five samples at <a time, as 
otherwise the small amounts of 
serum dry out too much before the 
test is completed. 

6. If the pipet has been placed 
deep in the serum, there will be 
some scrum which will collect on 
the outside at tiie tip. For accuracy, 
this should be removed by touching 
the tip of the pipet against the lip 
of the vial. 

7. After thoroughly shaking the 
vial, rento\e a dropper full of the 
antigen. Holding the dropper in a 
xertical position, add one drop to 
each nmount of serum on the plate. 
Care should be taken to hold the 

dropper in a vertical position since holding it nt another angle will make a con- 
siderable difference in the amount of antigen delivered. Alnays replace the dropper 
directly in the vial of antigen (Fig. 326). 

8. The final dilutions are now 1:25, 1:50, 1:100, 1:200 and 1:500. 

9. With a clean toothpick mix the serum and antigen, using a new toothpick for 
each sample. Always start at the top of the plate in (fie square containing the small- 
est amount (0.004 c.c.) of serum and continue downward to the largest amount. 
Spread the mixture oxer about three-fourths the area of the square without coming 
in contact with the, etched dividing lines. 

10. Immediately after the samples haxe been mixed, remote the plate from 
the box and tilt slightly backward and forward slowly for about two minutes. 
Place the plate on the box, turn on the light and record the results. When working 
without the box, make the readings agniii-t a light so that the plate is illuminated 
from beneath. 

11. The reactions stand out very clearly as shown in Figure 327. It is not 



Fic. 326. — AccumxATiotf Test for Umduiakt 
Feaer and Abortiov Disease 
Adding antigen (Huddlesonl 



METHODS FOR CONDUCTING AGGLUTINATION TESTS 


601 


Sample 

1 


Sample 

2 


difficult to distinguish between complete clumping of the antigen and different de- 
grees of incomplete clumping, e.g., in sample 6 theie is complete agglutination in 
all amounts of serum, while in sample 4 the clumping is complete in only the 
last thiee amounts. A negative serum (sample 1) causes no flocculation of the 
antigen. There are often encountered, however, sera which produce a trace of 
flocculation in the 0.08 c.c. amount. In the “slow” or test tube method, this occur- 
lence will often pass unobserved unless Hewed with a hand lens. This type of 
clumping appears to be due to the presence of native agglutinins in the serum. 

12. Immediately after using, the pipets should be rinsed several times .-with fresh 
water until thoroughly clean. 

Then boil in distilled water and 
drain all the w T ater out before us- 
ing again. The glass plate may be 
cleansed with cleaning powder 
and brush, after which it is rinsed 
with distilled water and dried. By 
having several clean plates avail- 
able, one can proceed with the 
testing of additional samples with- 
out delay. Absolute cleanliness of 
glassware is essential. 

Interpretation. — 1. With hu- 
man sera a positive reaction in a 
tiler of 1:100 is considered diag- 
nostic of undulant fever. 

2. With cattle sera a positive 
reaction in a dilution of 1:50 is 

suspicious of present or past infection, while positive leactions in 1:100 or higher 
are diagnostic. 

3. Agglutinins generally appear in the blood after the infection has been present 
for a week or longer. 

Method for Testing Milk. — This test can be conducted with milk from cows 
for the detection of those carrying Brucella abortus in the udders. 

1. Collect separate samples of the fore milk fiom each quarter, using clean, 
sterilized vials of about one-half ounce capacity. Befoie collecting the samples, 
place in each vial a small amount of lennin powder (about what can be picked 
up between the prongs of a small pair of foiceps or on the tip of a small knife 
blade) . Then draw the milk directly into the vial and place in a slanting position. 
The whey will separate out in about an hour at room temperature. 

2. The te=t is conducted with the whey in exactly the same manner as previously 
described for blood sera. 


,004cc 


• OJcc 


,02cc 


.04 cc 


•08cc 



Fra. 327 . — Different Decrees of Agglutination 
Reactions for Undulant Fever and Abortion 
Disease (Huddleson) 


602 SEROLOGICAL METHODS 

AGGLUTINATION TEST FOR TULAREMIA 

X. Prepare the antigen as follows: 

(а) Use Blake bottles containing blood glucose cystine agar. Before inoculation, 
the bottles should dry several days in an inverted position in the incubator and 
any water of condensation present should be pipeted off. Inoculate each bottle 
with the entire growth from a blood glucose cystine agar slant of B. tularense 
No. 38, suspended in 1 c.c. of physiological salt solution. Spread the suspension 
quickly over the surface of the medium in the Blake bottles by rocking them. 

(б) Incubate the bottles in their normal noninverted position at 37° C. for 
3 days. 

(c) Take off the growth of each bottle in 15 c.c. of physiological salt solution 
containing 0.2 or 0.3% of formalin (U.S.P). Throw down the bacterial mass by 
centrifugation, thereby washing the organisms. Pour off the supernatant fluid. 
Take up the bacterial mass in a small amount of formalized salt solution. This 
concentrated stock suspension has been found to be entirely reliable for agglutina* 
tion tests even after storage for 2 years in the cold room. 

(d) At the time of use dilute a portion of the concentrated suspension to the 
desired turbidity corresponding to No. 3 of the McFarland nephelometcr. 

2. In a Beries of 7 small test tubes place 0.5 c.c. amounts of the following 
dilutions of serum: 1:10, 3:20, 1:40, 1:80, 1:160, and 1:320. In No. 7 place 

0.5 c.c. of saline solution (control). 

3. To each tube add 0.5 c.c. of antigen. The final dilutions are now 1:20 to 
1 : 640. 

4. Mix well and incubate at 55° C. for 2 hours; place in refrigerator overnight 
when the final readings are made. 

5. It is advisable to set up duplicate tests wilh antigens of B. typhosus and 
Br. abortus. 

6. Agglutination in final dilution of 1:80 or higher, is considered diagnostic 
of tularemia providing there is no cross-agglutination with Br. abortus. ' 

AGGLUTINATION TEST FOR GLANDERS OF IIORSES, MULES AND MAN 

Prepare the antigen as follows with an agglutinable strain of B. mallei. Only a 
small percentage of cultures are suitable. 

(а) Cultivate on glycerin agar with pH 6.8 for 2 1 to 48 hours. 

(б) Wash off with sterile saline solution. Shake well to break up clumps. Dilute 
to density of No. 3 of the McFarland nephelometer. Heat at 65° C. for one hour. 
Add formalin to give a final 0.25%. Keep tightly stoppered in a refrigerator. 

With the sera (unheated) of horses and mules proceed as follows: 

1. For each serum arrange 6 small test tubes and place 1 c.c. of saline in each. 

2. Prepare a 1:50 dilution of serum (0.1 c.c. -|-4.9 c.c. saline) and place 1 c.c. 
in No. 1. Mix well and transfer 1 c.c. to No. 2; mix and transfer 1 c.c. to No. 3; 
mix and discard 1 c.c. Prepare a 1:250 dilution (1 c.c. of 1:50 + 4 c.c. saline) 
and place 1 c.c. in No. 4; mix and transfer 1 c.c. to No. 5; mix and discard 1 c.c. 
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The dilutions are now 1:100, 1:200, 1:400, 1:500 and 1:1000. The sixth tube 
is the control. 

3. Add 1 c.c. of antigen to all tubes, which doubles the dilutions (1:200 to 

1 : 2000 ). 

4. Mix and incubate at 37.5° C. for 24 to 48 hours. 

5. The reactions are interpreted as follows: 

Positive: complete agglutination 1:1000 or higher 
Suspicious: agglutination in 1:800 

Negative: no agglutination or partial agglutination 1 :2Q0 and 1 :400 
Agglutination Test for Glanders of Man. — The test is not as reliable as the 
complement-fixation test; the sera of normal persons may have a titer of 1:100 
but in acute cases has been observed to reach 1:1000 or higher. On the other hand, 
it falls very low when the disease reaches the chronic stage and agglutination may 
not occur at all. 


AGGLUTINATION TEST FOR PLAGUE 

Agglutinins do not appear until about the ninth day of the disease, thus render- 
ing the agglutination test of little value in early diagnosis but sometimes of con- 
firmatory value in the convalescent state. The agglutination test with high-titer 
agglutinating sera is, however, of value for identifying cultures. 

1. The antigen may be prepared by washing off growths on agar with 0.5% 
phenol in normal saline solution. Shake with glass beads to secure an even sus- 
pension and dilute with the phenolized saline to match No. 3 of the McFarland 
nephelometer. Place in incubator for 24 hours and then in refrigerator for 2 to 4 
days. Culture for sterility. There is a tendency to spontaneous agglutination. 

2. Arrange a series of 7 small test tubes. In No. 1 place 0.8 c.c. of saline and 
0.5 c.c. in the remaining six. 

3. Use the serum unheated and place 0.2 c.c. in No. 1. Mix well and transfer 
0.5 c.c. to No. 2; mix well and transfer 0.5 c.c. to No. 3 and so on to No. 6 from 
which 0.5 c.c. is discard. No. 7 is the antigen control. 

4. To each tube add 0.5 c.c. of antigen. The final dilutions in the first 6 tubes 
are now 1 : 10 to 1 : 320. 

5. Mix well and place in water bath or incubator at 55° C. for 4 hours when 
the readings are made. 

6. The organism displays a strong tendency to auto-agglutination. Examine the 
control very carefully. 

7. Positive agglutination in final dilutions of 1 : 10 to 1:50 or higher is regarded 
as diagnostic. 

AGGLUTINATION TEST FOE TYPHUS FEVER (WEIL-FELEX REACTION) 

Principles. — 1. After the fourth day of typhus fever there usually develops in 
the serum agglutinins which react with certain strains of Pioteus organisms, which 
though isolated from typhus cases are presumable without etiological relationship 
to the disease. 
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2. The strain usually employed is Proteus X19 of Weil -and Felix. However, this 
strain is not always agglutinated by the sera of typhus patients and it is desirable 
to also use the “Kingsbury” strain. 

Technic.— -1. For antigen it is best to use a suspension of living cultures. They 
are grown on slants o! agar {pH 7.4) prepared o! Iresh meat and sterilized at 100® 
C. The culture should be first streaked on plates of agar, incubated at 37® C. for 
24 hours and smooth, nonsprending, nonmotile or “0” colonies selected for the 
preparation of antigen (0X19). If “II’’ antigen is desired, select colonies of motile 
bacilli and prepare with alcohol as described for the preparation of “II” antigen 
of typhoid bacilli. 

Culture on agar for 2t to 43 hours and wash off with sterile normal saline 
solution. Shake with glass beads to secure an even suspension and dilute with 
saline to correspond in turbidity to tube No. 3 of the McFarland nephclometer. 

2. Conduct a macroscopic test as described on page 591. 

3. At the same time set up duplicate tests, employing a known positive human 
or rabbit immune serum; also tests employing a known normal human serum. 

In typhus fever, positive agglutination usually occurs from 1 :50 to 1 :50,000. In 
the majority of cases the titer is about 1:25 on the fourth day and 1:50 or higher 
by the eighth day. By the end of the second week it may reach several thousands, 
after which it declines rapidly during convalescence. The reaction may be nega- 
tive within five or more months after recovery, or may persist for several years. 
Zone reactions may occur with no agglutination in the lower dilutions. 

The titer of normal sera is rarely higher than 1:25 to 1:50. Agglutination at 
1:50 may be significant, however, if following a previous negative reaction. 

Some confusion has arisen with the reaction in differentiating typhus fever from 
certain typhus-like infections. The following table after Felix (Trans. Roy. Soc. 
Trap. Med., 1933, 27: 147) may be helpful: 



Loaitjy 

Agglutination 

Main 


OXI3 

0\2 

OXK 


Classical typhus . 

Tahardtlla; Brill’s disease 
Endemic typhus .... 

Tropical typhus (Shop) . . 

Tropical typhus (type K). . . | 

TsutsuRamushi. . . | 

Rocky MounUunSpolted fever 
Tick-Lile fever 

San Paulo typhus 

Old and New Worlds 
Mexico: U. S. . 
Australia 

Malaya, Dutch East 
Indies . ... 
Malaya; Dutch East 
Indies. . . . 

Japan .. . ... 

South Africa .... 
Brazil 

+ + + 
+ + + 
+ + + 

+ + + 

+ 

+ 

+++ 

+ 

? 

+ 

+? 

+ 

+ 

+ 

+ + + 
+ + + ? 
+ 

+ 

+ 

OXI9 

OX19 

0X19 

OX19 

OXK 

OXK(P) 

Unknown 

Unknown 

0X19 


+++■ — main agglutination, + — group agglutination. ? «= not tested adequately. 


AGOTitniN ATI ON TEST TOR BACILLARY DYSENTERY 
Agglutination tests do not possess very much diagnostic value because of the 
frequency of negativ e reactions. If employed, 2 antigens are required prepared of 
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The Shiga arid Flexner strains- of B. dysenleriae as these, do not ^possess identical : 

" V, agglutinaWe properties. _ ; „/ ' ‘ : 

’ A macroscopic test tube method is preferred as described on page. 591. The 
antigens may. be prepared by the same technic as for the macroscopic . agglutination 
: test for typhoid fever. \ v A N; 'A 

-,t’ .According to most observers, normal human serum never agglutinates dysentery 
bacilli, in dilutions greater than 1:25. With the Shiga strain agglutination should • : 

' occur at 1: 50 to 1: 100 to be significant and the.Flexner strain at 1:1 00 to 1: 200. f - ' 

, ' AGGLUTINATION TEST FOR PERTUSSIS 

' . . .Agglutination tests for pertussis have not proved of , much diagnostic" value. 
Normal serum may agglutinate in final dilutions up to 1:100. The antigen should - 
be prepared, of the bacillus in phase I. It may be cultivated on plates, of the 
Bordet-Gengou medium and washed off with saline solution. - Shake thoroughly ' . 

with glass beads and filter through cotton to secure an even suspension. Dilute V. 
-with saline to match tube No. 3 of the McFarland, nephelometer. Add merthiolatc 
to a final concentration of 1:10.000 for sterility and as a preservative. Set up 
macroscopic tests in test tubes with final dilutions of 1:100, 1:200, etc.- Incubate . *! 
at 55° C. for 4 hours and place in the refrigerator overnight when the, .readings ■ 
are made. , , \ : 

AGGLUTINATION TEST FOE BACILLARY WHITE DIARRHEA OF CHICKENS / 

1. Cultivate Salmonella pullorum on agar for forty-eight hours. Wash off .with , ; ; 

phenolized saline solution. Shake well and filter through cotton. Dilute to proper ; ; 
density. To . each 100 c.c. add 2 c.c. of ,2% solution of sodium hydroxide, as ‘ V: 
recommended by Matthews for the prevention of precipitation, giving the cloudy . . 
reactions which may occur with as high as 75% of sera. • ' ■ . 1 , 

2. The sera should be clear and as free as possible of hemoglobin. , 

3. For tlie test arrange 4 small test tubes. •- . . ; r '\'J '■ 

4. Place 1.8 c.c. of saline in No. 1 and 1 c.c. in Nos. 2, 3, and 4. /’ ■ 

5. To No. 1 add 0.2 c.c. of serum; mix and transfer 1 c.c, to No. 2; mix and 

transfer l c.c. to No. 3; 'mix and discard 1 c.c. No. 4. receives no- serum and.is-the 
antigen control., ] : - - V-/..;,- 1... 

6. Add 1 c.c. of antigen to all tubes to give finaL dilutions of 1: 20, ; T: 40, and ' 

i; so. ' *. •/. 

7. Mix well. Incubate at 37.5° C. for 24, hours. . *- * -N *' *•*.-_ A. ■■ 

8. The results are interpreted as follows: ;/ ", V • 

Positive: agglutination in 1:40 or higher . - ; - . '• ' : ■ V . • r 

Suspicious: partial agglutination in 1:20 >•>--/. \ ' 

Negative: no agglutination in 1:,20 > l - ■ A. -( "i’-'A 

AGGLUTINATION TEST FOR . FOWL TYPHOID - : •’ ; • A’ ’ 

1. Cultivate Salmonella gallinarum ( B. sanguinarium ) on agar, for 1 2 or .3 days;. 
Wash off the growths with phenolized saline solution and shake . well;. Filter V 
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through cotton and dilute to proper density. To each 100 c.c. may be added 2 c.c. 
of 2% solution of sodium hydroxide for aid in preventing the precipitation some- 
times yielding the cloudy reactions observed with fowl serum. 

2. The sera should be fresh and as free as possible of hemoglobin. 

3. For each serum arrange 6 small test tubes. Into No. I place 2 .4 c.c. saline 
and 1 c.c. in the remaining tubes. 

4. To No. 1 add 0.1 c.c. of serum. Mix, transfer I c.c. to No. 2 and discard 0.5 
c.c. Mix No. 2 and transfer 1 c.c. to No. 3; mix and transfer 1 c.c. to No. 4; mix 
and transfer 1 c.c. to No. 5; mix and discard 1 c.c. No. 6 is the antigen control 
and receives no serum. 

5. To each tube add 1 c.c. of antigen. The final dilutions are now 1:50, 1:100, 
1:200, 1:400 and 1:800. 

6. Mix well and incubate at 37.5° C. for 21 hours. 

7. The results are interpreted as follows: 

Positive: agglutination 1:200 or higher 

Suspicious: partial agglutination in 1:50 to 1: 100 hut not higher 

Negative: no agglutination 1:50 or higher 
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METHODS FOR CONDUCTING PRETRANSFUSION 

BLOOD TESTS 

Principles. — 1 . The serum of a patient (recipient) may agglutinate or hemolyze 
the corpuscles of a donor or the corpuscles of the recipient may be agglutinated 
or hemolyzed by the serum of a donor. Blood transfusion requires, therefore, the 
use of compatible' tdpod. It was found recently that it is necessary to select persons 
with identical blood groups for the injection of blood with plasmodium of malaria 
into recipients with general paresis and preliminary to skin grafting operations. 
Hemolysis does not occur without agglutination and since the latter is more easily 
detected it Is sufficient to test only for agglutination. 

2. This phenomenon is due to tire fact that there are two main agglutinins 
(a and b ) occurring in the serum and two main agglutinogens (A and B) occur- 
ring in the red blood corpuscles of human beings which permit placing the blood 
of an individual in any one of four main groups. Considerable confusion, how- 
ever, and even accidents, have been caused by different arbitrary numbers or 
classifications, the three best known being as follows: 


Moss 

Jansky 

Landsteiner 

(International) 

Percent of Approxi- 
mate Occurrence 
in Adults 

in the United Stales * 

I 

IV 

AB 

4 

II 

II 

A 

39 

III 

III 

B 

12 

IV 

I 

0 

45 


* Tho^c figures are failed on n Muil* of 38,000 persons Sn different ports of the United Stated quoted 
from V S AVienei, Blood Gtoujt# and Blood 2 ran*tmuiHx f Charles C Ihomns, 193*>, p 138 


3. If both agglutinogens are present in the corpuscles the serum is free of both 
agglutinins and the individual belongs to gioup AB or Moss I or Jansky IV. If 
the corpuscles contain neither agglutinogen the serum contains both agglutinins 
and the blood belongs to O or Moss IV or Jansky I. If the corpuscles coritain 
agglutinogen A, the seium contains agglutinin b and the blood belongs to group A. 
Moss II or Jansky II. If the coipusclos contain agglutinogen B. the serum con- 
tains agglutinin a and the blood belongs to gioup B. Moss III oi Jansky III. In 
other words, the seium regularly contains the agglutinins active for the absent 
agglutinogens; that is, corresponding agglutinins and agglutinogens do not coexist 
in one blood. 
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PRECAUTIONS AND SOURCES OF ERROR 

1. Although pretrnnsfusion blood tests are in themselves relatively simple pro- 
cedures, their performance requires a high degree of individual and group responsi- 
bility. In each laboratory where these tests arc made there should be a standard 
routine procedure designed especially to eliminate mistakes and prevent accidents. 
Extreme care should be exerted to avoid the mixing up of specimens, etc. All Ic^t 
tubes and slides should he labeled, the tubes containing serum and cell suspensions 
of the same individual should be kept adjacent; recipient’s blood may be kept in 
slightly longer tubes. 

2. It is to be especially noted that group I of Moss corresponds to IV of Jansky 
and that IV of Moss corresponds to I of Jansky. If blood grouping is reported by 
numbers, it is essential therefore always to stale whether the Moss or Jansky classi- 
fication is being used, in order to avoid serious accidents. It is still better to drop 
both of these and to employ exclusively the Landsleincr classification which is 
recognized officially as the International nomenclature. 

3. For blood transfusion the recipient’s blood should be typed and a donor 
selected belonging to the same group. But direct matching is recommended in 
addition, due to the existence not alone of subgroups and atypical agglutinins, but 
also of donors widi unusually high agglutinin titers. Such high agglutinin titers 
may be dangerous when a so-called universal donor 0 (I Jansky, IV Moss) is 
used. However, it is not quite safe to depend on direct matching alone since in 
cases of low tiler agglutinins, incompatibility may escape attention. In other words, 
if only one of the two methods for selecting donors is to be depended on direct ‘ 
matching is preferable, but it is better and therefore recommended that the blood 
of the recipient be typed and direct matching tests conducted with the blood of 
donors belonging to the same group for the final selection of a donor. 

4. Preferably, tests should be done at a room temperature of 70° to 80’ F. to 
avoid errors due to “cold" or auto-agglutinins which may become operative at 
low temperatures. If reagents (test serums) are kept in the ice-box, care should 
be taken that room temperature be approximated before using them. Serum with 
“cold” or auto-agglutinins will agglutinate cells of all blood groups, even tho«e of 
the same individual. Such agglutinins can be removed by separating scrum from 
the cells at ice-box temperature (0° — 5° C.). 

5. Pseudo-agglutination is a possible source of error readily avoided by dilution. 

6. In microscopical tests, rouleaux formation of corpuscles is a possible source 
of error, especially for inexperienced workers. Jt is favored: (a) by high concen- 
tration of sera and, (b) by high temperature. It is best avoided by diluting the 
serum 1:2 or 1:3 willy saline, Sometimes it is sufficient to add a small drop of 
saline to the slide preparation. 

7. A more important source of error lies in the fact that sera differ in (heir 
agglutinating titer from time to time. Sera with high tilers frequently have con- 
siderable amounts of isohemolysin. This may occasionally mask agglutination and 
lead to disastrous accidents. If such a preparation is examined by one unexperi- 
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enced the absence of clumps (without regard for evidence of hemolysis) may 
suggest compatibility while the opposite is true. By keeping such a possibility in 
mind and comparing the slide with the control (cells and saline), the Hue nature of 
the phenomenon can easily be recognized. Especial caie should be exercised in 
typing and matching the blood of those who have repeatedly received transfusions. 
Recipients receiving repealed transfusions may undergo obscure changes and espe- 
cially require very careful direct matching tests for the selection of donors. 

3. Especial care must be exercised in matching the blood of infants under two 
years, due to uncertainly in the time of appearance of permanent iso-agglutinins. 

9. Obviously only healthy donors should he chosen. Those with fever or anemia 
should not be used. Syphilis and malaria, should be excluded. 

10. It is a wise rule to preserve blood specimens for rechecking if necessary. 
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METHODS FOE D ERECT MATCHING 

Microscopic Agglutination Tests.— 1. Prepare a finger or an ear lobe of 
recipient and make deep puncture. 

2. Collect 2 to 4 drops of blood in a small test tube containing 2 c.c. of 1% 
solution of sodium citrate in normal saline solution. More drops of blood will be 
needed if the recipient is very anemic. 

3. At the same time secure 1 to 2 c.c. 
of blood in a dr) lest tube. 

4. Secure blood from the prospective 
donor or donors in the same manner. 

5. Break up the clots and centrifuge 
along with the tubes containing the cit- 
rated blood. 

6. Remove the supernatant fluids from 
the citrated tubes and add to the cor- 
puscles in each tube 2 c.c. of normal salt 
solution; suspend the corpuscles'. This 
makes a 2 to 5 < /o suspension. Remove the 
sera which should be free of corpuscles. 

7. Hanging drop preparations are pre- 
pared as follows: 

(a) With a large platinum loop, 2 
loopsful of recipient’s serum plus 1 loop- 
ful of donor’s corpuscles are mixed on a 
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Fig. 328. — Fai.se Agglutination 
(From Koliner. Injection , Immunity 

coverghiss and mounted with vaselin on Thwa ™ w * B - Saunde « Co.) 

a hanging drop slide. 

(b) Two loopsful of donor’s serum plus 1 loopful of recipient’s corpuscles are 
mixed and mounted. 

(c) Prepare similar preparations with the sera and corpuscles of additional 
donors. 
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(</) Two loopsful of saline, and 1 loopful of recipient’s corpuscles are mixed 
and mounted (control). 

(e) Two loopsful of saline plus 1 loopful of donor’s corpuscles are mixed and 
mounted (control). 

(/) Be sure to label the slides and do not trust to memory. 

8. Allow to stand for 15 minutes at room temperature. 

9. Examine with the low power objective. Controls should l>e examined first 
(step 7, d and e) and should not show any agglutination. False clumping and 



Fic. 329 . — Rouleaux Formation 

(From Wiener, Blood Croup and Blood Transfusion, Chas. Thomas, Springfield, III.). X400. 


rouleaux formation at the margin of the mixture should not be mistaken for posi- 
tive reactions (Figs. 328, 329, 330 and 331). 

10. Agglutination in (a) of step 7 shows that the recipient’s serum is incom- 
patible with the donor’s corpuscles. Agglutination in ( b ) shows that the donor’s 
serum is incompatible wilh the recipient’s corpuscles. 

11. This direct test is always advisable before transfusion even if the recipient 
is first grouped and a donor of the same group is selected in order to guard 
against the possibility of transfusing with an incompatible subgroup blood. 

An alternative method for setting up the above test is as follows: 

1. Prepare capillary pipets of approximately equal caliber for the corpuscles 
and serum of the recipient and each donor. 

2. Arrange 2 clean slides for each test and proceed as follows: 

(a) At the end of slide No. 1 mix a drop of the recipient’s corpuscles wilh a 
drop of donor’s serum and a drop of saline solution. At the other end mix a drop 
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of the recipient’s corpuscles with a drop of saline solution (this is a control on the 
corpuscles) . 1 

( b ) At the end of slide No. 2 mix a drop of the donoi's corpuscles with a drop 
of the lecipicnt’s serum and a drop of saline. At the other end mix a diop of the 
donor's corpuscles with a drop of saline solution (eonliol). 

(c) Repeat the set-up in the same manner with the corpuscles and serum of each 
donor. 

3. Rock the slides occasionally foi about 5 minutes. If agglutination is not 
visible, place a coverglass over each 
mixture and let stand at .room tempera- 
ture for 15 minutes. Examine each 
microscopically. 

Macroscopic Agglutination Test 
(Brice). — 1. This lest may be used for 
more rapid testing of large numbers of 
donors and is conveniently conducted 
with a special plate (Fig. 332). 

2. Corpuscles and sera of the pa- 
tient (recipient) and each donor are 

as described above. 

3. Mix 1 drop of the recipient’s cor- 
puscles with 4 drops of the serum of 
each of the donors, and a drop of each 
of the donors’ corpuscles with 4 drops 
of the serum of the recipient, with a 
glass stirring rod, each being in its proper position upon the typing plate. 

4. Lift the plate and oscillate with a rocking motion, which keeps all of the cor- 
puscles in movement, for 7 minutes over a white background or transmitted light 
for evidences of agglutination. 

5. The microscopical tests are more sensitive and to be preferred. 

Macroscopic Agglutination and Hemolysis Tests (Kolmer). — 1. Collect 

blood in citrate solution and in a small dry test tube from the recipient and donor 
as described. 

2. Prepare the corpuscles and secure the sera as described. Only fresh sera can 
he used. 

3. Arrange 4 small test tubes and place 1 c.c. of saline in each. 

<1. Into No. 1 place 5 drops of recipient’s serum and 1 drop of donor’s corpuscles. 

5. Into No. 2 place 5 drops of donor’s serum and 1 drop of recipient's corpuscles, 

6. Into No. 3 place 1 drop of recipient’s corpuscles (control). 

7. Into No. 4 place 1 drop of donor’s corpuscles (control). 

3. Mix each tube and place in a water hath at 37° C. for 1 hour. 

9. Read the results. Tubes 3 and 4 should show no hemolysis or agglutination. 

10. If hemolysis and agglutination do not occur in tubes 1 and 2 the bloods 




Fig. 330.— A Negative Reaction 

(From Kolmer, Infection, Immunity and 
Biologic Therapy, W. B. Saunders Co.) 
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5. Remove a drop of each mixture with a thin glass rod to glass slides and 
examine microscopically with low magnification. 

6. Positive reactions generally occur within a few minutes but in order to 
detect unusually feeble reactions, the negative reactions should be examined after 
1 hour. Control tests with known cells A and B should be included. 

7. The readings and interpretations are made as described above. 

Second Microscopic Method. — J. Prepare finger and make puncture of the 
individual to be giouped. 

2. Collect 2 or 3 drops of blood in small test tube containing 1 c.c. of normal 
salt solution ( approximately a 5% suspension), 

3. Prepare four capillary pipets of equal calibers, one each for group A (II) 
serum, group B (III ) serum, corpuscle suspension and saline solution. 

4. Arrange 3 clean slides. 

5. On one slide, place a drop of A (II) serum and add a drop of corpuscles and 
saline solution; mix well. 

6. On the second slide, place a drop of B (III) serum and add a drop of 
corpuscles and saline solution; mix well. 

7. On the third slide mix a drop of corpuscles with a drop of saline solution 
(control). 

8. Rock each slide occasionally for about 5 minutes to accelerate agglutination. 

9. Place a coverglass on each and let stand at room temperature for 15 to 20 
minutes. 

10. Examine under microscope with low-power objective. 

11. The control should show no agglutination. 

12. The group is determined as follows: 

(a) No agglutination with either groups A (II) or B (III) serum = group 0 of 
Landsteiner, group I of Jansky or group IV of Moss. 

(b) Agglutination with both gioups A (II) and B (III) serum = group AB of 
Landsteiner, group IV of Jansk\ . or group I of Moss. 

(c) Agglutination with group A (II) but no agglutination with group B (III) 
serum = group B of Landsteiner or group III of both Jansky and Moss. 

( d ) Agglutination with group B (III) hut not with group A (II) serum = group 
A of Landsteiner. or group II of both Jansky and Moss. 

13. False clumping and rouleaux formation at the margin of the mixture should 
not be mistaken for positive reactions. 

Sources of Error. — In addition to the sources of error previously mentioned, 
there are some specific sources of erioi in the determination of blood groups. 

1. The use of low-lilered test serum may cause a failure to recognize certain 
cases belonging to group AB (IV Jansky, I Moss) and to mistake them for the 
group B (III). 

2. The use of fresh high titered test serum may. on account of unrecognized 
hemolysis, lead to a mistaken diagnosis of group 0 (I Jansky. I\ Moss) instead 
of group A (II), B (III) and AB (IV Jansky, I Moss). This can be avoided best 
by using only stored test sera. 
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3. Test sera must be carefully checked with corpuscles of several persons with 
known blood groups to exclude the possibility of the presence of irregular agglu- 
tinins (mainly cold agglutinins). 

Method for Preparing Type Sera. — Known group A (II) and gToup B fill) 
sera should be kept in a refrigerator preserved with chloroform or 0.5% phenol. 
Preservation as well os distinctive coloring of the test sera is achieved by the 
following procedure (Rosenthal) L* To each c.c. ol group A (II) serum is added 
0,01 c.c. each of 1% aqueous solution of neutral acriflavine and 0.5% aqueous 
solution of basic fuchstn; and to each c.c. of group B (III) serum is added 

0.01 c.c. of 1% aqueous solution of brilliant green. The sera should be preferably 
from healthy middle-aged individuals of such potency as to produce marked 
agglutination in 1 minute in final dilution of 1:8 or higher. It is well to replenish 
every 2 or 3 months and frequent tests should he made to make sure that the sera 
are potent. It is easy to replenish the sera by t)ping the corpuscles of blood speci- 
mens submitted for the Wassermann test. If corpuscles belonging to group A ( II ) 
are found the excess serum may be preserved (group A or II) ; if corpuscles be- 
longing to group B (Ifl) are found, the excess serum should be preserved (group 
B or IIIj. These two sera suffice for grouping by the Landsteincr, Moss or Jansky 
classifications. Some authors recommend the use of tjpc O scrum (group IV Moss 
or 1 of Jansky) as a check. The cells of nil blood groups except the O are agglu- 
tinated by that serum. A loss of titer of the A or B typing sera can be detected by 
the use of O serum. 

MEDICOLEGAL APPLICATION OP BLOOD OP.OUPS TOR 
EXCLUSION OF PATERNITY 

The application is based on two generally accepted laws: 

1. The agglutinogens A and B cannot appear in the blood of a child unless 
present in the blood of one or both parents. 

2. A parent belonging to group AB cannot beget a group O child and a 
group O parent cannot beget a group AB child. 

When the blood groups of parents are known, the possible and impossible 
combinations of blood groups of the children of these unions is shown in table 1 2 
on page 615. 

Precautions. — The methods of blood grouping are the same as those described, 
but it is necessary to determine the group of the red corpuscles and the iso-agglu- 
tinins in the serum of every individual. The latter is done by testing the serum with 
the red corpuscles of persons whose blood groups arc known. Furthermore, proper 
and adequate control tests should be carried out. Careful protocols recording every 
step must be kept. It is recommended to take photographs or finger prints of every 
person at the same time when blood samples are obtained as a means of identifi- 
cation. 

1 /. Lab. & Clin. 1931, 16:1123. 

2 A. S. Wiener, Blood Croups and Blood Transfusions, Charles C. Thomas, 1935, p. 191. 
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Groups of Parents 

Groups of Children 
Possible 

Groups of Children 

Not Possible 

1. 0,0 

O 

A.B.AB 

2. O.A 

O.A 

B,AB 

3. O.B 

O.B 

A,AB 

4. A.A 

O.A 

BAB 

5. A.B 

0,A.B.AB 


G. B.B 

O.B 

A.AB 

7. O.AB 

A.B 

O.AB 

8. AAB 

A.B.AB 

0 , 

9. B,AB 

A.B.AB 

0 

10. AB,AB 

A.B.AB 

0 


M and N Agglutinogens. — The examination of the M and N blood types raises 
Considerably the chances of excluding paternity. HowevCr, the technical difficulties 
connected with the production of proper immune sera that are necessary for the 
carrying out of such tests, limit their application to experts who are thoroughly 
familiar with all possible mistakes. The corresponding agglutinins do not occur 
in human blood and musL be pioduced in rabbits. Therefore they are of no im- 
portance in relation to pretransfusion tests. 
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METHODS FOR CONDUCTING COMPLEMENT-FIXATION 
TESTS FOR SYPHILIS AND OTHER DISEASES 

KOLMEK COMPLEMENT-FIXATION TEST FOE SYPHILIS « 

Glassware and Apparatus. — 1. Pipets (Fig. 333). 

1 c.c. graduated in 0.01 c.c to tip. 

5 c.c. graduated in 0.10 c.c. 

10 c.c. graduated in 0.50 c.c. 

An automatic pipet is highly recommended for rapid work and saving of time for 
pipeting saline solution, complement, antigen and hemoljsin in the conduct of the 
tests. 

2. Test tubes: 85 by 13 millimeters (inside diameter) with rounded bottoms and 
no lips. 

3. Cylinders: glass-stoppered, graduated (50 or 100 c.c. capacity) to be used 
for measuring amounts over 50 ex. 
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Fic. 333 . — Kolmeu Seboloctcal Putts 

4. Test tube racks: galvanized wire racks carrying 12 rows of 6 tubes each 
(Fig. 334). 

5. Water hath: any easily regulated water bath is suitable, or a simple gal- 

1 For a more detailed description of this lest, including complement -fixation lest* for tlie 
identification of sera, blood stains, seminal stains and for the detection of meat and milk adul- 
teration, consult Kolmer's Serum Diagnosis by Complement Fixation, Lea and Febiger, Phila- 
delphia. 1928. Antigens and hemolysin for the syphilis and other complement fixation tests may 
be purchased from the Research Institute of Cutaneous Medicine, 2101 Pine Street, Philadelphia. 
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vanized pan carrying >ater : ‘ lo a depth of 8 .centimeters, tan be -used 'satisfactorily • 
at 55° or 37°;, C. (Figs. 335 and 336). ; ; -\V . \ 

.6. Refrigerator: any- refrigerator maintaining a temperature, of : 6 - to 8° C. is ,‘- 
satisfactOry. . ' 1 . V: . - ■* o •' 

Method of Cleaning Glassware.— 1., All glassware . should be chemically clean 
arid preferably sterile. To clean tubes and flasks, empty and rinse in. running tap 



Fic. 334. — Kolmeh • * Fig. '335.— Koimer Serolocicae Bath, Gas • \ 

Back > . . Heated -- 


Water; wash inside and outside .in soapy water; rinse .several . times in running tap 
water and invert in wire baskets. Dry in. the hot air oven at about 160° C. 

2. Pipets should bej placed after use in a jar or cylinder of clean water with a , 
pad of cotton in the bottom. To clean pipets, rinse thoroughly in running tap 
water, place in a metal box or wire basket and sterilize in the oven. 

3. Flasks should be plugged 
with cotton arid sterilized in the 
oven for 30 minutes at 160° C. 

4 : If glassware becomes 
cloudy, immerse in bichromate 
cleaning fluid (2 parts potassium 
bichromate, 3 parts commercial 
sulphuric acid, and 25 parts 
water) for 24 hours. Rinse thor- 
oughly iri running tap water arid . 
proceed with the ; -washing as 
described. 

Preparation of Saline Solu- 
tion.- — Dissolve 8.5 grams, of 
dry, chemically pure : sodiurii 
chloride in 1000 c.c.. of tap or . • . - *' 

distilled water (former preferred in most localities) . If the salt has absorbed 
moisture -it should be dried in tlie. hot air oven , for. 10 or . 15 minutes before, 7 
weighing. Filter solution through: paper into a flask fitted with a gauze-covered 
cotton stopper. Sterilize by heating in an Arnold sterilizer, for 1- hour -before, use ’ ].- 
(not- essential if immediately used) . , .•]• 

A satisfactory] saline .solution should riot of . itself be hemolytic w’ben.L. or, 2 . - 
drops of washed corpuscles, are] added to; 5 c.c. of the solution in a test tube fol- 
lowed by water bath incubation for 1 hour. Neither should it be antihemolytic as' t \ 
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determined by ibe hemolysin or complement titrations. The nntisheep hemolysin 
should give a unit of at least 0.5 c.c. of a 1:1000 dilution when titrated with 0.3 c.c. 
of 1:30 complement and 0.5 c.c. of a 2% suspension of washed sheep corpuscles 
with a water bath incubation of 1 hour. It is possible that failure of hemolysis may 
be due to defective hemolysin or complement or to the use of corpuscles of in* 
creased resistance to serum hemolysis, but whenever these factors may be excluded 
it is likely that the saline solution is defective. 

If difficulties are experienced with saline prepared with distilled water, use 
ordinary tap water. If still unsatisfactory, add 0.1 gram of magnesium sulphate to 
each 1000 c.c. as recommended by Kellogg. 

Preparation of Sheep Corpuscles (Indicator Antigen). — Sheep blood may 
he obtained at an abattoir or by bleeding a sheep from the external jugular vein 
(see Chapter II). In a clean (hut not necessarily sterile) quart-sized Mason jar, 
place 30 c.c. of a hOfo solution of sodium citrate in saline solution and 2 c.c. of 
formalin. At the abattoir have the jar almost filled with fresh blood (blood kept 
over in buckets is unsatisfactory), screw on the top, mix well with the citrate- 
formalin solution and keep in a refrigerator. Ordinarily 
it is fit for use over a period of 2 to 3 weeks at least, but 
as soon as the corpuscles become too fragile a fresh sup- 
ply should be secured. Boernrr and Lukens advise keep- 
ing blood for 48 hours in the refrigerator before using. 

If preservation is not desired, glass beads alone may 
be placed in the jar and after filling with blood, it should 
be thoroughly shaken for defibrination. Blood collected in 
this manner will keep at a low temperature (jar placed on 
a block of ice) for about a week. If beef blood is used, it 
may be collected by either method. 

Filter a small quantity of blood through cotton into a 
graduated centrifuge tube (Figs. 337 and 338). Allow twice as much blood as the 
amount of cells required. Add 2 or 3 volumes of saline solution. Centrifuge at 
a moderate velocity until it is ascertained that all the corpuscles are thrown 
down. 

Remove the supernatant fluid with a capillary pipet or by suction (Fig. 339). 
Add 3 or 4 volumes of saline solution; mix by inverting and centrifuge again for 
the same length of time. 

Repeat the process for a third time but centrifuge twice as long as in the first 
washing in order to pack the cells evenly and firmly. 

. Cells should be washed until the supernatant fluid is almost colorless. Three 
washings are usually sufficient. (If more than four washings are necessary, the 
cells are too fragile for use.) 

Read the volume of cells in the centrifuge tube, carefully remove the supernatant 
fluid and prepare a 2% suspension by washing the corpuscles into a flask with 
49 volumes of saline solution, /tin ays shake before using to secure an even suspen- 
sion, as the corpuscles settle to the bottom of the flask uhen not in use. 



Fics. 337, 338.— Kolsiek 
Centrifuge Tubes 
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Preparation of Antisheep Hemolysin. — Give a rabbit 5 or 6 intravenous in- 
jections of 5 c.c. of a 10%^ suspension of washed sheep coipuscles evcty 5 days. 
Bleed the rabbit 7 to 9 days aftci the last injection if a preliminary titration gives 
a unit of 0.5 c.c. of 1:4000 or higher. Separate the serum (it need, not be in- 



Fig. 339. — Suction Pump 

(From Kolmer, Infection, Immunity and Biologic Therapy, W. B. Saunders Go.) 

activated) and preserve with an equal part of best grade neutral glycerin. Keep in 
a refrigerator. 

Preparation of Complement. — The pooled sera of at least 3 healthy guinea- 
pigs should be used. Select large, well-nourished animals that have not been fed 
for 12 hours; avoid pregnant animals. 

Anesthetize the pig lightly with ether or stun the animal with one or two shaip 
blows on the head. Sever the large blood vessels on both sides of the neck, being 
careful not to cut the esophagus or trachea. Collect the blood in a centrifuge tube 
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Ly means of a large funnel. Place the blood in an incubator at 30° C. for 1 hour; 
break up the clot and centrifuge. Separate the clear scrum. Keep in the refrigerator 
when not in use. 

An excellent and economical method is to remove 4 to 5 c.c. of blood from the 
hearts of a sufficient number of large pigs (see page 42). 

Complement serum may be preserved for several weeks by adding 0.3 gram of 
C.P. sodium chloride to each c.c. of serum. Keep in a dark glass bottle at or near 
the freezing point. To prepare {or use, dilute 1 c.c. of serum with 29 c.c. of dis- 
tilled water. This gives a 1:30 dilution in 1 Jo salt solution. As preserved com- 
plement loses first in fixability by syphilis antigen and antibody, it should not be 
kept for more than 3 or 4 weeks. Complement may be also preserved for several 
weeks by adding and dissolving X gm. of sodium acetate (C.P.) in each 10 c.c. of 
serum (Rhamy). Sonnenschein’s solution is also recommended (sodium acetate 
12 gm.; boric acid 4 gm.; sterile distilled water 100 c.c.). Equal parts of serum 
and solution are mixed (1:2). 

Lyophil Complement . — The most satisfactory method for preserving comple- 
ment is by evaporation in the frozen state in vacuo by the method of Flosdorf and 
Mudd. (/. Immunol., 1935, 29:389). It retains both hemolytic activity and fixa- 
bility for 8 to 12 months and has proven satisfactory. It has the great advantage 
of being prepared of the pooled sera of a large number of guinea-pigs with uniform 
hemolytic activity and fixability by antigen and antibody. It may be obtained from 
Sharp and Dohme, Philadelphia, and is dispensed In vacules containing the equiv- 
alent of 5 c.c. of fresh serum. They should be kept in a refrigerator until used. 
By adding 5 c.c. of distilled water the material goes into immediate solution and 
is ready for use in the same manner as fresh serum. Preservation by the cryochem 
process is also recommended and more economical. This process has been de- 
scribed on page 589. 

Preparation of Antigen. — A cholesterol ized and lecilhinized alcoholic extract 
of heart muscle is employed. Baclo-Beef Heart, prepared by the Digestive Ferments 
Company of Detroit, is recommended. 

1. Place 30 grams of beef heart powder in a flask with 100 c.c. of chemically 
pure acetone. Stopper tightly. Keep at Toom temperature for 5 days with brief 
shaking each day. 

2. Filter through fat-free paper or decant and discard the filtrate. 

3. Dry the teaidue and extract with 100 ca. of chemically pure almlute ethyl 
alcohol in a tightly stoppered flask for 5 days at room temperature, shaking each 
day. 

4. Filter through fat-free paper with slight squeezing of the tissue. 

5. Measure the filtrate and add absolute ethyl alcohol to 100 c.c.; add 0.2 gm. 

of cholesterol. The cholesterol is dissolved in 10 c.c. of ether and added to the 
alcoholic filtrate. Shake thoroughly and place in a water bath at 55° C. for 1 hour 
to aid solution. , 

6. Allow to stand at room temperature for 2 or 3 days with brief shaking each 
day. Filter through fat-free paper. 

7. Keep the antigen at room temperature in a tightly stoppered bottle. 
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A new antigen of increased sensitiveness 5 with practically no change in hemolytic 
or anticomplementary activity may be prepared in the same manner except that it 
is reinforced with acetone insoluble lipoids as follows: 

(a) Step 1, 2, 3 and 4 as above. 

( b ) Save the first 4 ether extracts used in the preparation of Kahn or Eagle 
antigens. Concentrate to about one-fifth volume in an evaporating dish and add 
3 to 6 volumes of acetone. After mixing and setting aside overnight, the super- 
natant acetone is removed and the residue of acetone-insoluble lipoids kept in a 
refrigerator. 

(c) Measure the alcoholic filtrate, add absolute ethyl alcohol to 100 c.c. and 
for each cubic centimeter add 0.002 gram of cholesterol. Dissolve the cholesterol 
and 1 to 2 grams of the acetone-insoluble lipoids in 20 c.c. of ether and add to the 
alcoholic extract in a tightly stoppered bottle or flask. 

(d) Shake thoroughly and place in a water bath at 55° C. for 1 hour to aid in 
the solution of the lipoids. 

(e) Allow to stand at room temperature for 2 or 3 days with brief shaking 
each day r . Filter through fat-free paper. 

(/) Keep at room temperatw e. Do not disturb any sediment that may be present. 

Preparation of Sera. — 1. All specimens are lined up and properly labeled. 

2. The sera are removed from the clots with capillary pipets to test tubes prop- 
erly labeled. Great care is required to prevent errors in labeling and confusion of 
sera. Each serum should be free of corpuscles, otherwise it is necessary to break 
up the clots with Wooden applicators (one for each serum) and centrifuging for 
clear serum. Slight tinging with hemoglobin does no harm. Sera containing large 
amounts of hemoglobin are likely to be anticomplementary and unsatisfactory for 
both complement-fixation and precipitation tests. 

3. It is not necessary to remove the natural antisheep hemolysins by' absorption 
with thoroughly washed sheep corpuscles although this tends to increase the sen- 
sitiveness of complement-fixation reactions and especially' in the case of sera con- 
taining small amounts of syqdnlis antibody. Kolmer recommends the toutine re- 
moval of natural hemolysins when conditions permit in older to secure reactions 
of maximum sensitiveness, hut when large numbers of sera require testing it may 
be omitted. The method for removal of natural antisheep hemolysins from sera 
is as follows: 

(а) To each is added a drop of washed sheep corpuscle sediment for approxi- 
mately each 2 c.c. of blood and serum as gaged by inspection. 

(б) Each specimen is then thoroughly mixed with a wooden applicator (1 for 
each seium) . 

(c) All aie then placed in a refrigerator for 15 minutes to enable the sheep 
corpuscles to absorb the hemolysins with none or but a minimum and harmless 
amount of hemolysis. 

(d) All specimens are now' centrifuged and the sera separated into test tubes 
properly labeled. 

3 J. A. Kolmer. Am. J. Clin. Path., 1935, 5:55. 
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4. The lubes of plain or absorbed sera are now placed in a water .hath at 55® C. 
for 15 to 20 minutes when they are ready for testing. 

Preparation of Spinal Fluids. — These are usually tested it it haul any pre- 
liminary preparation as they do not contain enough natural antisheep hemolysin 
to require removal or enough complement to require inactivotion by heating at 
55® C. If a specimen contains considerable blood which has not had time to 
settle out, it should be centrifuged. Otherwise no preparation is required Os spinal 
fluids are tested os delivered without preliminary heating unless they are more 
than three days old, in which case they may be healed at 55° C. for fifteen minutes 
to remove thermolabile anticomplemcntary substances. As a general rule, how* 
ever, spinal fluids arc not anticomplemenlary unless heavily contaminated with 
bacteria (cloudy). 

Titration of Hemolysin. — It is advisable (but not absolutely necessary) 'to 
make this titration each time the complement-fixation tc«t is conducted. 

Prepare a stock dilution of 1:100 hemolysin j»s follows: 

Glycerinizcd hemolysin (50%) 2.0 c.c. 

Saline solution 91.0 c.c. 

Phenol (5% in saline sol.) 4.0 c.t. 

This may be kept in the refrigerator for several weeks. 

For titration, dilute to 1 :1000 (0.5 c.c. of 1 :100 4.5 c.c. saline solution). 

In a scries of 10 tubes, prepare higher dilutions as follows: 

No. I. 0.5 c.c. hemolysin (1:1000) =1:1000 

No. 2. 0.5 c.c. hemolysin (1:1000) + 0.5 c.c. saline solution — 1 :2000 

No. 3. 0.5 c.c. hemolysin (1:1000) l.Oc.c. saline solution — 1:3000 

No. 4. 0.5 c.c. hemolysin (1:1000) 4* 1.5 c.c. saline solution = 1:4000 

No. 5. 0.5 c.c. hcmol)sin (1:1000) -f- 2.0c.c. salinesolution = 1:5000 

No. 6. 0.5 c.c. hemolysin (1 :3000) + 0.5 cx. salinesolution = 1 :GOOO 
No. 7. 0.5 c.c. hemolysin (1:4000) 0.5 c.c. salinesolution r= 1 :15000 
No. 8. 0.5c.c. hemolysin (1 :5000) -j- 0.5c.c. salinesolution = 1:10,000 
No. 9. 0.5c.c. hemolysin (1:6000) + 0.5c.c. salinesolution = 1:12,000 
No. 10. 0.5 c.c. hemolysin (1 :8000) -f 0.5 c.c. saline solution = 1 :1G,000 

Mix the contents of each tube thoroughly. 

Prepare 1:30 dilution of complement for hemolysin and complement titrations by 
diluting 0.2 c.c. of complement serum with 5.8 c.c. of saline solution. 

Prepare a 2% suspension of sheep corpuscles. 

< In a series of 10 tubes set up the hemolysin titration as shown in the table on 
page 623. 

Mix the contents of each tube and incubate in the water bath at 37° C. for 1 hour. 
Read the unit of hemolysin. The unit is the highest dilution of hemolysin that gives 
complete hemolysis. 

Two units are used in the complement and antigen titrations and in the cotnple* 
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ment-fixation tests. Hemoljsin i<= so diluted that 0.5 c.c. contains 2 units. For 
example, il the unit equals 0.5 c.c. of 1:6000, two units equals 0.5 c.c. of 1:3000. 
Dilute just enough hemolysin for the complement titration and the complement- 
fixation tests. Keep hemolysin and corpuscles in suspension in the refrigerator 
when not in use. 

HEMOLYSIN TITRATION 


Tube 

Hemolysin. 

0.5 c.c. 

Complement, 

c.c. 

(1:30) 

Saline Solution. 
* c.C. 

Corpuscles, 

c.c. 

1 

1 

1:1000 

0.3 - 


0.5 

2 


0.3 


0.5 

3 

HlrYW 1 

0.3 


0,5 

4 

■ ' 1 ■ 

0.3 

1.7 

0.5 

5 


0.3 

1.7 

0.5 

6 

Bit t'1 1 

0.3 

1.7 

0.5 

7 


0.3 

1,7 

0.5 

8 


0.3 

1.7 

0.5 

9 

1:12,000 

0.3 

1.7 

0.5 

10 

1 :16,000 

0.3 

1.7 

0.5 


The following table shots s how the dilutions are made so that 0.5 c.c. carries 
2 units: 


1 Unit 

0.5 c.c. 
of 

2 Units 
Would Be 

0 5 c.c. 
of 

Prepared by Diluting 1 c.c. 
of Stock 1:100 ■with Following 
Amounts of Saline 

1:1000 

1:500 

4 c.c. 

1:2000 

1:1000 

9 c.c. 

1:3000 

1 -.1500 

14 c.c. 

1:1000 

1 :2000 

19 c.c. 

1 :5000 

1:2500 

24 c.c. 

1:6000 

1:3000 

29 c.c. 

1 :8000 

1:4000 

39 c.c. 

1:10.000 

1 :5000 

49 c.c. 


High titer hemolysin is recommended and the unit should be Q . 5 c.c. of L:4000 
or higher. 

In practice the hemolysin titration may be placed in the water bath at the 
same lime as the complement titration; at the end of the first incubation of the 
complement titration the unit of hemolysin is available and 2 units added to ail 
tubes of the complement titration, etc. , 

Complement Titration. — For the complement titration use 1 :30 dilution of 
complement prepared above. Dilute antigen so that the dose employed in the main 
tests is contained in 0.5 c.c. This dilution is made by placing the required amount 
of saline solution in a fiask and adding antigen drop by drop. Shake the flask after 
each addition of antigen. Prepaie enough antigen dilution for the complement 
titration and the complement-fixation tests. 
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In a series of 10 test tubes set up tire complement titration arc as follows: 


Tube 

Complement, 

(1:30) 

Antigen, 

Dose 

ex. 

Saline 

Solution, 

cc. 

i 

Hemolysin, 

C.C. 

(2 units) 

Corpuscles, 

c.e. 

(2 per cent) 


1 

0.1 

05 

1.1 

£ 

05 

0.5 

5* 

2 

0.15 

05 

1.4 

w 

0.5 

0.5 

Cl 

3 

02 

05 

13 


03 

0.5 

• 

4 

025 

05 

U 

n 

0.5 

0.5 

n 

5 

0.3 

05 

12 


0.5 

0.5 


6 

035 

05 

12 

- > 

05 

0.5 


7 

0.4 

05 

1.1 

§ 

0.5 

0.5 

g 

B 

0.4S 

05 

1.1 

* 

0J» 

0.5 

# 

9 

05 

05 

1.0 


0.5 

0.5 


10 

None 

None 

25 

“ 

None 

0.5 



The smallest amount of complement just giving complete sparkling hemolysis 
is the exact unit. The next higher tube is the full unit which contains 0.05 c.c. more 
complement. In conducting the antigen titration and complement-fixation tests, 
tuo full units are employed and so diluted a9 to be contained in 1 c.c. as per the 
following example: '* 

Exact unit: 0.3 c.c. 

Full unit: 0.35 c.c. 

Dose (tuo full units): 0.7 c.c. 

To calculate the dilution to employ so that 1 c.c. contains the do«e of two 
full units, divide 30 by the do«e: 



The following table gives additional examples: 


Exact Unit 
(c.c.) 

Full Unit 
(c.c.) 

Two Full Unit* 
(c.c.) 

Dilution 

Preparation 

02 

0.25 

0.5 

1:60 

1 c c. serum 

- 59 c e. saline 

025 

0.3 

06 

1:50 

1 c.c. serum 

• 49 c.c, saline 

0.3 

025 

07 

1:43 


- 42 cc. saline 

0.35 

04 

08 

1:37 

1 c.c. serum - 

- 36 c.c. saline 

0.4 

0.45 

0.9 

1:33 

1 c c. serum 

■ 32 cx. saline 

0.45 

OS 

1.0 

1:30 


29 c.c. saline 

05 

0S5 

1.1 

1:27 

1 cc, serum 

26 c.c. saline 


If however the complement is unusually sensitive to the anticomplementary 
effects of antigen and serum in the conduct of the complement-fixation tests, as 19 
sometimes the case during the hot summer months, 214 exact units may be em- 
ployed and so diluted that 1 C-c. contains this dose. Example: • 

Exact unit: 0.35 c.c. 

214 units: 0.88 c.c. 
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0.1 ex. + 6.9 c.c. saline solution = 1 :7000 
0.1 c.c. -f- 7.9 c.c. saline solution ss 1 :8000 
0.1 c.c. + 0.9 c.c. saline solution = 1 :9000 
0.1 c.c. + 9.9 c.c. saline solution = 1 :10,000 

3. Prepare n 1:10 dilution of a mixture of 4 or more strongly positive syphilitic 
sera (like 441 — ; <142 — , etc.) heated at 55° C. for 15 to 20 minutes. Set up the 
itration as follows: 



The antigenic unit is the smallest amount of antigen producing complete 
( + + ++) inhibition, of hemolysis. Tube 11 is the scrum control; tube 12 is 
the hemoljtic system control. Both should show complete hemolysis. As a general 
rule the unit is 0.5 c.c. of 1:2000 to 1:4000 dilutions with a higher unit in the 
case of antigen reenforced with acetone-insoluble lipoids. 

In the complement-fixation tests 10 antigenic units of antigen are used. The 
antigen is so diluted that 0.5 c.c. contains the dose. For example: 

Antigenic unit = 0.5 c.c. of 1 :3000 
Dose (10unit9) =0.5 c.c. of 1:300 

If, however, the unit is 0.5 c.c. of 1:5000 or higher, ns is frequently the cn«c with 
antigen reenforced with acetone-insoluble lipoids, it'may be used in dose of 20 
units. For example: 


Antigenic unit = 0.5 c.c. of 1 :6000 
Dose (20 units) =0.5 c.c. of 1:300 

As a general rule this dose of 10 or 20 units is 30 to 60 times less than the 
anticornplementary unit, which largely accounts for the high specificity of the 
reaction. 

Both antigens will keep for a sear or longer at room temperature with no change 
in antigenic or anticornplementary properties. 
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10. Chart the results as per the following example observed with a strongly 
positive serum: 


S OSee" 

| Antigen in 0JS ex Amounts 

i SO | 

1 1 ISO 

1 

t-ew | 

t 12 SO 

i mo 

0.005 . ; 

_ 



_ 

_ 


0 0125 . 1 



++++ 

++++ 


+ 

0.025 . . . 1 


' ++++ 1 

+ + + + 

++++ | 

+ + + + | 


0.05 

+ + + 


++++ , 

++++- 

+ + + + 

++ 

0.1 1 

| ++ + + 

++++ 1 

++++ ! 

++++ 

+ + + + 

| +4--h 


11. The dose of antigen to employ in the main tests is the largest amount 
giving a H — l — | — f- reaction nith the smallest amount of serum. If three dilutions 
of antigen give -j- -f* *}* reactions with the smallest amount of serum, the dose 

to use should he midway between the highest and lowest. 

In the above example the dose would be 0.5 c.c. of 1:320. The results of a num- 
ber of titrations by this method competed with the first method have shown that a 
dose of 10 or 20 units by the latter is usually closely similar to the do«e determined 
by the above method. Kolmer believes, therefore, that either method may be em- 
ployed and appro\es this second method because of the correctness of the principles 
involved, since it determines the correct dilution to use in dose of 0.5 c.c. regardless 
of whether the titration is conducted with strongly, moderately or weakly positive 
.serum. 

Choice of Oomplement-FixAtum Methods. — Two methods are available. One, 
the quantitative test, employs 5 doses of serum 1 or spinal fluid and is generally 
preferred, especially in testing the sera of cases of s>philis under treatment in order 
to secure serological evidences of improvement. The second, designated as the 
qualitative test, uses 2 doses of serum 0.2 and 0.1 c.c. with an additional third tube 
as a control (0.2 c.c.) and is sufficient for diagno«tic purposes as well as being 
more economical of materials and time required. Both are of equal sensitiveness 
and specificity. 

The Quantitative Complement-Fixation Test. — 1. For each serum: (n) Ar- 
range 6 test tulies and place the following amounts of saline solution respectively: 
0.9, 0.5, 0.5, 0.5, 2.0 and 0.5 c.c. 

lf>) To tube No. 1 add 0.G c.c. of inactivated serum. Mix by drawing up in the 
plpet several times and transfer 0.5 c.c. to No. 2 and 0.5 c.c. to No. 6 (scrum 
control). 

(e) Mix No. 2 and transfer 0.5 c.c. to No. 3. 

(<f) Mix No. 3 and transfer 0.5 c.c. to No. 4. 

(e) Mix No. 4 and transfer 0.5 c.c. to No. 5; mix and discard 2.0 c.c. 

This leaves 0.5 c.c. in each of the first 5 tubes carrying the following amounts 
of serum 0.2, 0.1, 0.05, 0.025 and 0.005 c.c.; No. 6 (the serum control) carries 
1.0 c.c. or 0.2 c.c. of serum since it receives no antigen and thereby making the 
total volume in all tubes the same when the test is finished. 

* Changed to 0-2, 0.1, 005, 0025 and 0.005 cc. with 0.2 c.o. in the serum control as sug- 
- gested by Boerner and Lukens, An- ]• Syph , 1935, 19:489. 








Quantitative Reaction. ' ■ - " ■ 

(From Kolmcr, Infection, Immunity and Biologic Therapy, W. B. -Saunders Co.) - 
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10. Chart the results as per the following example observed with a strongly 
positive serum: 


Serum in 

Antigen in 05 te. AmminU 


i m 

i j» 


i I2W 

t jy,o 

0,003 . . 

_ 




_ 


0,0123 


+ 





0.023 


++++ 

++++ 


+ + + + 


0.03 

+ + + 

+++ + 

++++ 

++ + + 



0,1. 

+*i — h+ 

++++ 

++++ 

+++ + 

+ + + + 

+++ 


11. The dose of antigen to employ in the main tests is the largest amount 
giving a -f- 4" + + reaction tiilh the smallest amount of serum. 1! three dilutions 
of antigen gire + -f -+• + reactions with the smallest amount of serum, the dose 
to use should be midway between the highest and lowest. 

In the above example the dose would be 05 c jc. of 1:320. The results of a num- 
ber of titrations by this method compared with the first method have shown that a 
dose of 10 or 20 units by the latter is usually closely similar to the dose determined 
by the above method. Kolmer believes, therefore, that either method may be em- 
ployed and approves this second method because of the correctness of the principles 
involved, since it determines the correct dilution to use in dose of 0.5 c.c. regardless 
of whether the titration is conducted with strongly, moderately or weakly positive 
.serum. 

Choice of Gomplement-FixAtion Methods. — Two methods are available. One, 
the quantitative test, employs 5 doses of serum* or spinal fluid and is generally- 
preferred, especially in testing the sera of cases of syphilis under treatment in order 
to secure serological evidences of improvement. The second, designated as the 
qualitative test, uses 2 doses of serum 0.2 and 0.1 c.c. with an additional third tube 
as a control (0.2 c.c.) and is sufficient for diagnostic purposes as well as being 
more economical of materials and time required. Doth are of equal sensitiveness 
and specificity. 

The Quantitative Complement-Fixation Test. — 1. For each serum: (a) Ar- 
range 6 test tubes and place the following amounts of saline solution respectively: 
0.9, 0.5, 0.5, 0.5, 2.0 and 0.5 c.c. 

(by To tube No. 1 add 0.6 c.c. of inactivated serum. Mix by drawing up in the 
pipet several limes and transfer 0.5 c.c. to No. 2 and 05 c.c. to No. 6 (scrum 
control). 

(c) Mix No. 2 and transfer 0.5 c.c. to No. 3. 

(</) Mix No. 3 and transfer 0.5 c.c. to No. 4. 

(«) Mix No. 4 and transfer 0.5 c.c. to No. 5; mix and discard 2.0 c.c. 

This leaves 0.5 c.c. in each of the first 5 tubes carrying the following amounts 
of serum 0.2, 0.1, 0.05, 0.025 and 0.005 c.c.; No. 0 (the serum control) carries 
1.0 c.c. or 0.2 c.c. of serum since it receives no antigen and thereby making the 
total volume In all tubes’ the same when the test is finished. 

* Changed to 0— 01, 0 05, 0025 and 0005 c.c. with 0.2 cjj. in the tecum control as sug- 
- gested by Boerner and Lukens, Am. J. Syph., 1935, 19:489. 







PLATE XI 



. Quantitative Reaction. *- 

(From Kolmcr, Infection., Immunity and Biologic Therapy, W. B. -Saunders Co.) 
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2. For each spinal fluid: 

(a) Arrange six tubes and place 0.5 c.c. saline solution in tubes 2. 3, 4, 5 and 6. 

( b ) In tubes 1, 2 and. 6 place 0.5 c.c. spinal fluid. Mix No. 2 and transfer 
0.5 c.c. to No. 3. Mix No. 3 and tiansfer 0.5 c.c. to No. 4. Mix No. 4 and iransfei 
0.5 c.c. to No. 5. Mix No. 5 and discard 0.5 c.e. 

( c ) Tubes 1 to 5 now contain 0.5 c.c. carrying 0.5, 0.25, 0.125, 0.0625 and 
0.03125 c.c. of spinal fluid. Tube 6 (control) contains 1 c.c. carrying 0.5 e,c. of 
spinal fluid. 

3. To the first 5 tubes of each set of serum or spinal fluid add 0.5 c.c. of diluted 
antigen carrying the propel dose. 

4. After an interval of 10 to 30 minutes, add 1 c.c. complement (2 full units) to 
each tube, 

5. Include the following controls: 

Antigen control containing 0.5 c.c. diluted antigen, 0.5 c.c. saline solution and 
1.0 c.c. diluted complement (2 full units). 

Hemolytic system control containing 1 c.c. saline solution and 1 c.c. diluted 
complement. 

Corpuscle control containing 2.5 c.c. salt solution. 

Positive and negative serum controls should be included. 

6. Mix the contents of each lube by gently shaking and place in the refrigerator 
at 6° to 8° C. for 15 to 18 hours. 

7. Place tubes in the Water bath at 37° C. for 10 to 15 minutes (not longer). 

8. To all tubes, except the coipuscle control, add 0.5 c.c. of hemohsin (carrying 
2 units) and to all lubes add 0.5 c.c. of 2% corpuscle suspension (shaken up). 

9. Mix the contents of each tube by gently shaking and place in the water bath 
at 37° C. for 1 hour when the readings are made (Plate XI). More sensitive 
readings may be made 10 minutes after the antigen, hemolytic system and serum 
controls show complete hemolysis and is preferred. 

10. The following table show’s the set-up for the quantitative complement- 
fixation test with serum: 
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Patient's Serum 
m 0Ji c c 

Antigen, 
e e 
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Complement, 
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(2 per cent) 

d 
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t- > 
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11. After the secondary incubation the readings may he made at once or after 

the tubes have been placed in the refrigerator for several hours to permit the settling 
of nonhemolyzed corpuscles. Read the degree of inhibition of hemolysis and record 
for each tube as: — (complete hemolysis); -f- (25% inhibition recorded as I); 
+ (50% inhibition recorded as 2) : ri- + 4" (75% inhibition recorded as 3); 

4*4*++ (100% inhibition recorded as 4). All scrum, antigen and hemolytic 
controls should show complete hemolysis. The corpuscle control should show no 
hemolysis, 

12. Reactions may be interpreted as follows: (See Plate XI) : 

(a) Very strongly positive when complete fixation ( -f — | — j — }- ) occurs in the 

third and fourth or fifth tubes. Examples: 411-14; 41-41 — ; 4412 — ; 411 ; 

314 . 

(b) Strongly positive when complete fixation (4" + 4" 4") occurs in the second 

tube. Examples: 4131 — ; 442 — — ; 342 — — ; 44 . 

(c) Moderately positive when complete fixation (+4" + 4*) occurs in first 

tube only. Examples: 431 ;42 ; 4 ■ . 

(d) Weakly positive when partial fixation occurs in one or more tubes. 

Examples: 321 ; 21 ; 1 — . 

(e) Doubtfully positive when the reaction is rfc in the fust tube. Example: 

(/) Negative when there is complete hemolysis in all tubes. Example: 


The method of recording and reporting a complement.fixation test by this method 
is according to the following examples: 

Quantitative reaction =: strongly positive (412 ) 

Serum 0.2 ex. — 4- 4“ 4 * 4 * 

Serum 0.1 c.c. = -j — f — j — f- 

Serum 0.05 c.c. — + 

Serum 0.025 c.c. — — 

Serum 0.005 c.c. = — 

Serum 0.2 c.c. (control) = — / 

Quantitative reaction 
Spinal fluid 0.5 c.c. 

Spinal fluid 0.25 c.c. 

Spinal fluid 0.1 25 c.c. 

Spinal fluid 0.0625 c.c. 

Spinal fluid 0.03125 c.c. 

Spinal fluid 0.5 (control) 

The American Committee on Evaluation of Serodiagnostic Tests for Syphilis 
has recommended reporting reactions only as positive, doubtful or negative. 

The Qualitative Complement-Fixation Test. — 1. This test is conducted in 
exactly the same manner as descrilied for the quantitative test except that 3 doses 
of serum (0.2 and 0.1 c.c. with 0.2 cx. in the serum control) are employed. With 
spinal fluid a single dose of 0.5 ex. with 0.5 c.c. in the control is employed. 




COMPLEMENT -FIXATION : SYPHILIS AND OTHER DISEASES <333 


2. For each serum arrange 3 test tubes and place the following amounts of saline 
solution : 0.9. 0.5 and 0.5 c.c. 

To No. 1 add 0.6 c.c. of inactivated serum. Mix by drawing up in the pipet 
several times and transfer 0.5 c.c. to No. 2 and 0.5 c.c. to No. 3 (serum control). 

Mix No. 2 and discard 0.5 c.c. 

This leaves 0.5 c.c. in each of the first 2 tubes carrying 0.2 and 0.1 c.c. of serum 
respectively. No. 3 contains 1.0 c.c. (0.2 c.c. of serum) since it receives no antigen 
and thereby making the total volume in all tubes the same when the test is finished. 

3. For each spinal fluid arrange 2 tubes and place 0.5 c.c. in each. The first 
lube receives antigen; the second does not and is the control to which add 0.5 c.c. 
saline solution. 

4. Place 0.5 c.c. of proper dilution of antigen in Nos. 1 and 2 of each serum 
and in No. 1 of each spinal fluid; also in control lube carrying 0.5 c.c. saline 
(antigen control) . 

5. Allow tubes to stand 10 to 30 minutes. Then add 2 full units of complement 
(1.0 c.c.) to each; also to a control carrying 1 c.c. saline (hemolytic system 
control) . 

6. Put up corpuscle control: 2.5 c.c. saline and 0.5 c.c. of 2% suspension. 

7. Mix tubes gently and place in refrigerator at 6° to 8° C. for 15 to 18 hours. 
Keep hemolysin and corpuscle suspension in refrigerator. 

8. Place lubes in water bath at 37° C. for 10 to 15 minutes (not longer). 

9. To all tubes except corpuscle control add 2 units of hemolysin. 

10. To all tubes except corpuscle control add 0.5 c.c. of 2% corpuscle suspension 
(shaken up). 

11. Mix and place in water bath for 1 hour when the readings are made. Or 
place the tubes in a refrigerator for an hour or two before making the readings. 
More sensitive readings may be made 10 minutes after the antigen, hemolytic sys- 
tems and serum controls show complete hemolysis and is preferred. 

12. The serum, hemolytic system and antigen controls should be completely 
hemolyred; the corpuscle control should show no hemolysis. 

13. Read and record the serum tests as follows: 

(a) Strongly positive: complete fixation (-f- -j- + +) in second lube. Examples: 
44; 34. 

(b) Moderately positive: Complete fixation (+ + + +) in first tube only. 
Examples: 42; 41. 

(c) Wealthy positive: Partial fixation in one or both tubes. Examples: 31; 21; 

3 — ; 2 — ; 1 — 

(d) Doubtfully positive: zh in first tube. Example: ± — 

(e) Negative: Complete hemolysis in both tubes. 

14. Read and record the spinal fluid tests as follows according to first tube: 

— { — | — {— -4- = Strongly positive 
+ -{--{- = Moderately positive 
— { — {- or = Weakly positive 

— — Doubtfully positive 

— = Negative 
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The American Committee on Evaluation of Serodiagnostic Tests for Syphili9 
has recommended reporting reactions only as positive, doubtful or negative. 

Modified Technic for Small Amounts of Serum and Spinal Fluid. — It 
sometimes occurs that a sufficient amount of serum or spinal fluid is not availabtc 
for conducting the quantitative test. In such cases the test can ,be conducted in 
exactly the same manner as described using all reagents in one-half the usual 
amounts. The hemolysin and complement are not titrated separately for this test 
as the same dilutions arc employed in one-half amounts. The same antigen dilution 
is also used hut in one-half amount. 

1. For each serum: 

(a) Arrange 6 test lubes and place the following amounts of saline respectively: 
1.2, 0.5, 0.5, 0.5, 2.0 and 0.25 c.c. 

(ft) To tube No. 1 add 0.3 c.c. of inactivated serum. Mix by drawing up in the 
pipet several times and transfer 0.5 c.c. to No. 2 and 0.5 c.c. to No. 6 (serum 
control ) . 

(c) Mix No. 2 and transfer 0.5 c.c- to No. 3. 

(d) Mix No. 3 and transfer 0.5 cx. to No. 4. 

(e) Mix No. 4 and transfer 0.5 c.c. to No 5; mix and discard 2.0 c.c. 

This leaves 0.5 c.c. in each of the 5 tubes carrying exactly */6 the amounts of 
serum recommended for the regular test, namely: 0.1, 0.05, 0.025, 0.0125 and 
0.0025 c.c.; No. 6 (serum control) carries 0.1 c.c. of serum. 

2. For each spinal fluid: 

(o> Arrange 6 test tubes and place the following amount of saline respectively: 
0.75, 0.5, 0.5, 0.5, 0.5 and 0.25 cx. 

(ft) To tube No. 1 add 0.75 c.e. of spinal fluid. Mix and transfer 0.5 c.c. to tube 
No. 2 and 0.5 c.c. to tube -No. 6. 

(e) Mix No. 2 and transfer 0.5 c.c. to No. 3. 

(<f) Mix No, 3 and transfer 0.5 c.c. to No. 4. 

(e) Mix No. 4 and transfer 0.5 c.c. to No. 5. 

(/) Mix No. 5 and discard 0.5 c.c. 

This leaves 0.5 c.c. in each of the 5 tubes carrying exactly % the amount of 
spinal fluid recommended in the regular test, namely: 0.25, 0.125, 0.0625, 0.0312 
and 0.0156 c.c. 

3. Proceed as directed on page 628 for the quantitative test, using exactly % the 
amount of each reagent. Start with step 3. 

4. Readings are reported in the same manner as described for the regular test. 

5. A qualitative test may be conducted by placing 0.1, 0.05 and 0.1 c.c, (con- 
trol) of serum in each of three test tubes. With spinal fluid place 0.25 cx. in each 
of two tubes (the second being the control). Add sufficient saline to make the total 
volume 0.5 c.c. in each tube of the test with 0.75 c.c. in the control. 

6. Proceed as directed on page 630 for the qualitative test, using exactly % 
the amount of each reagent. Start with step 4. 

7. Readings arc reported in the same manner as described for the regular test. 
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Analysis of Difficulties. — Defective Complement. — In the great majority of 
instances difficulties are due to complement supersensilive to the anticomplementary 
effects of antigen, serum or both. This is especially likely to occur during the hot 
months of the year. Sometimes complement may he defective in hemolytic activity 
and whenever the unit is higher than 0.5 c.c. of 1:30 dilution it should not be used. 
But sometimes the complement is satisfactory from this standpoint but yet de- 
fective in the tests because supersensitive to antigen and prone to give prezone re- 
actions. With negative or normal sera the reactions are apt to be — 12 — — * or 1 
2 4 4 with perfect serum controls. Since 2 ^/> units of complement have been used 
instead of 2 full units as originally advised, this difficulty has been greatly reduced. 
Furthermore, under these conditions lyophil or cryochem complement is recom- 
mended since the complement is a mixture of the sera of a large number of guinea- 
pigs and may be prepared during the colder months of the year. When fresh serum 
is used it is important to prepare it from several full grown , healthy and previously 
unused pigs. As a general rule the trouble is first thought to be due to defective 
hemolysin but, since this reagent keeps very well, it is seldom responsible. 

Defective Saline Solution. — When trouble is experienced with the hemolytic 
system when first using these methods, it is likely that the saline solution is at fault. 
If it has been prepared with distilled water, try a saline prepared by dissolving 8.5 
grams of chemically pure sodium chloride in 1000 c.c. of ordinary tap water ; it is 
sometimes advantageous to add 0.1 gram of magnesium sulphate. If, however, 
trouble is experienced after a saline has been previously used with success it is 
unlikely to be the cause. Compressed tablets of salt should not be used. 

Defective Hemolysin. — This is probably least likely to be a cause of trouble 
although usually first suspected, especially if the hemolysin has been previously 
used with success. The unit of antisheep hemolysin should be at least 0.5 c.c. of 
1:4000 and sera of this and higher strengths are so easy to prepare that it Is a 
mistake to use weaker products. If the saline solution and complement are satis- 
factory, a good hemolysin is rarely responsible even when shipped over long 
distances. 

Defective Corpuscles. — When blood is obtained from an abattoir one is almost 
sure sooner or later to encounter the corpuscles of occasional animals possessing 
increased resistance to serum hemolysis. The cause of this phenomenon is unknown ; 
fortunately it is rare. The remedy is to discard the corpuscles and secure a fresh 
supply of blood. 

Anticomplementary Antigen. — Providing no mistakes have occurred in dilution 
and dosage, this is very rarely a cause of trouble. When the antigen control shows 
incomplete hemolysis it is almost surely due to some component of the hemolytic 
system, especially the complement. 

Anticomplementary Sera. — Sera and spinal fluids may be found to be anti- 
complementarj , as shown by incomplete hemolysis of the serum controls. After 
experience has been gained some of these reactions may be safely read, but as a 
general rule, it is safer and wiser to repeat the tests with fresh serum, especially in 
the case of those technicians lacking experience in complement-fixation work. It is 
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infinitely better to repeat the tests than to run the slightest chances of error, 
especially the regrettable and almost unpardonable error of rendering a falsely 
positive report. Sometimes the majority of sera of a ilaj’s work show incomplete 
hemolysis of the serum controls, but this trouble is not due to anticomplemcniary 
effects on their part but rather to the use of a defective supersensitive complement. 
Under these conditions the tests must be repeated and for this reason the unused 
portions of all sera should be routinely kept in a refrigerator until the tests are 
completed in case repetitions are required. 

COMPLEMENT-FIXATION TESTS WITH ANTICOMPLEMENTARY SERA, 
SPINAL FLUIDS. EXUDATES AND TRANSUDATES 

As is well known sera, spinal fluids, exudates and transudates (chancre secre- 
tions, pleural, pericardial, and peritoneal exudates and transudates) may become 
anticomplementary or capable in themselves of fixing or inactivating complement 
in the absence of antigen; this is especially true of old and contaminated sera, 
chancre and pleural exudates, by reason of the presence of bacteria. In routine 
complement-fixation tests the phenomenon is detected by the occurrence of incom- 
plete hemoljsis in the serum controls. Since any serum, spinal fluid, etc., may 
contain anticomplementary substances, one should never assume that they are 
absent but always and invariably include the scrum controls in every complement- 
fixation test. 

First Method.- — It is possible to read safely some anticomplementary reactions 
when the serum controls show only slight interference with hemolysis . The fol- 
lowing are examples in which negative reports were correctly rendered: 

1 1 

2 1 

2 I 2 

2 2 

4 2 

4 3 

In other words, if the first tube shows the same or very nearly the same degree 
of inhibition of hemolysis as the serum control with none or but the slightest 
inhibition in the second tube it is practically certain that the serum contains no 
antibody and that a negative report may be rendered; indeed, the evidence of a 
negative reaction is even stronger under these conditions than if the 6erum were 
free of anticomplementary action because if even a trace of antibody were present, 
strong inhibition of hemolysis would occur in the second and even the third tubes 
of the quantitative test. 

Positive reports are also possible of correct reading, especially by experienced 
serologists whenever the serum control shows less than + -f- (3) reactions, al- 

though it is impossible to estimate the degree of positiveness (one reporting only a 
“positive” reaction) : 
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4 4 3 -2 ; 

3 2 ——I ? 


/. ■ Vv4 444 . 4.4 4 4 —2 v; : -4 . <.;r' 4.4'/4;4/;;;- 

It is true, however, that some risk. of error may accompany reports of this fki rid. ;; 
and "it is always advisable to repeat; the., tests; this -is especially' true in the case ; ■ ; 
of inexperienced workers. \ • . , ■ . ->•/ v ■' • ‘ 4 ' 

Whenever the serum control shows complete inhibition of hemolysis (-}- -}- -f- -{- , 

or 4), it is too risky to report, as, for example, in the following reactions: /' ■;? ' , 1 . ; 


4 4. 1. 
' : 4.2 

' 4 4 3 


-4 

-4 

-4 


Second Method;— Sera deeply stained with hemoglobin are , always likely to- 
be anticomplemeritaly.;. likewise serum, spinal fluid, urine,; milk, etc.; containing 
large numbers of bacteria, and freshly collected chancre exudates. 44 . .. 7 : 

When these are tested it is advisable to put up a control, on each dose;- this is - 
readily accomplished in routine work by setting up two series of 5. tubes in the 
usual manner; antigen is added to all tubes of the first row but not to the second 
row, which serves as the controls oh each dose of serum ,of spinal fluid. The ;,f oh 
lowing are examples of reaction employing the quantitative test: - 


First row: 
Second, row: 
First row:. 
Second-row : 

, First row: 
Second row: 
First row: 
Second row: 
First row: 
Second row : 
First row: ' 
Second row: 


4.1 


4 4, 

4 1 — — 
4 4- 4 1 

4.1 — — 
4 4 1 — 

4 2 

4' 1 

3.2 — 

3 1 —4 

4 4. ■ 2 — 
4 3. 1.4 


j- Syphilit ic serum-.- . ’ / ' 
j- Syphilitic serum 
J Syphilitic spinal fluid 




J- Nonosyphilitic scrum 


r Nonosyphilitic serum . 


J 


j- Nonsypliilitic spinal fluid 


•'"Whenever complement fixation in, the first row is markedly greater than ;in .'the 
second row, as shown above with the .two syphilitic sera /and 'spinal ' fluid; Vne may - 4 ' 
safely report a positive reaction without attempting to express ah opinion i.bn the 
degree of positiveness; negative reactions may he. reported’ when .'the differences 4. 
between the first and second rows are very- slight. But whenever jlhe differences’ are , 
less marked, it is.unsafe and unwise to vouchsafe. a .positive report as, for. example, 
in reactions of this , kind conducted -with knohm' sera allowed , to become anti- ,, 4 
‘complementary.: V 4 4 ’ U'.* • ■* v . 4v"4 ■ ...4 4= 4 
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First row: 
Second row 
First row: 
Second row 
First row: 
Second row 
First row: 
Second row 
First row: 
Second row 


44 4 2-1 
4 4 1 'J 

H=) 

11 =} 
4 4 4 2 1 1 
4 4 4 1 — J 

43 2 \ 

42 J 


Syphilitic scrum 
Syphilitic serum 
Syphilitic serum 
Syphilitic serum 
Syphilitic spinal fluid 


It is true that the first row carrying antigen almost always shows stronger re- 
actions than the second row, hut unless Ike differences are quite marked it is not 
safe to give a positive report because normal or negative but anlicomplemcntary 
serum, and spinal fluid always yield a greater degree of inhibition of hemolysis in 
the presence of Antigen. 

Modified Sachs’ Method for Anticomplementary Sera. — Sachs has described 
a very useful method for testing anticomplcmentary sera. Sera very deeply tinged 
with hemoglobin do not respond quite as well to this method. Rahhil and dog sera, 
and the sera of other of the lower animals may be treated in the same manner since 
it likewise removes the anticomplementary substances from the majority but not 
the substances responsible for the nonspecific complementary-fixation reactions 
sometimes yielded by the normal sera of rabbits, dogs, and mules. The method has 
not been applied to spinal fluids. 

1. Heat 05 cjc. of serum at 55° C. for 15 minutes. 

2. Add 4.1 c.c. of accurately titrated N/300 hydrochloric acid and mix. 

3. After standing y» hour at room temperature, centrifuge thoroughly and dis- 
card the sediment. 

4. To the supernatant fluid add 0.4 c.c. of 10% sodium chloride solution. The 
acid is fixed by the precipitate of globulin; hence neutralization is unnecessary. 

5. This gives a 1: 10 dilution of original serum ready for testing. 

6. Arrange two rows of 5 test tubes (the rear row are 6erum controls and 
receive no antigen), 

7. Place 1 c.c- of normal saline solution in tubes 3 and 4 and 2 c.c. in tube 5 
of the first row; place 0.5 c.c. in each of the 5 tubes of the second row. 

8. Place 1 c.c. of serum diluted 1:10 in the first and third tubes of the first 
row and 0.5 c.c« in the second tube. Mix No. 3 and transfer 1 c.c. to No. 4 and 
0.5 c.c. to No. 3 of the second row. Mix No. 4 ; transfer 0.5 c.c. to No. 5, 0.5 c.c. 
to No. 4 of second row and discard 0.5 c.c. Mix No. 5, transfer 0.5 c.c. to No. 5 
of the rear row and discard 15 c.c. 

9. Place 1 c.c of serum diluted 1:10 in No. 1 and 0.5 c.c. in No. 2 of the second 
row. 

10. Add antigrn (0.5 c.c. of proper dilution as used in the regular test) to each 
tube of the front row. Allow to stand at room temperature for 10 to 30 minutes 
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when 2 full units of complement are added to all tubefe of both rows and the 
balance of the test completed in the usual manner. 

11. The tubes of the front and rear rows carry 0.1, 0.05. 0.025, 0.0125 and 
0.0025 c.c. of serum respectively. 

12. Upon completion of the lest all of the tubes of the second row should show 
complete hemolysis.' However, the first lube carrying 0.1 c.c. and sometimes the 
second earning 0.05 c.c. of serum, may not show complete hemolysis. With nega- 
tive sera the corresponding front lubes show the same degree of inhibition of 
hemolysis and under these conditions a negative report may be rendered. With 
positive sera inhibition of hemolysis is much more marked in the tubes of the 
front row. It is advisable to report the reactions as positive, doubtful or negative. 

KOLMER COMPLEMENT-FIXATION TESTS FOR TUBERCULOSIS, GONORRHEA, 
TYPHOID FEVER, GLANDERS, CONTAGIOUS ABORTION AND 
OTHER BACTERIAL DISEASES 

The technic of the Kolmer bacterial complement-fixation tests is the same as 
for his syphilis test. The methods of preparing the antigens are of most importance. 

The hemolytic system is exactly the same as described and the hemolysin is 
titrated in the same manner. Likewise the complement, which is titrated in the 
presence of the antigen employed in the dose of the main tests. The amounts of 
serum employed in the quantitative and qualitative tests are the same as in the 
syphilis test. The primary incubation is the same except that after incubation at 
6° to 8° C. for 15 to 18 hours, water bath incubation at 37° C. is for 30 minutes 
instead of the 10 to 15 minutes recommended for the syphilis test. A substitute 
primary incubation of 2 hours at 37° C. in a water bath may be used, especially 
in conducting the tuberculosis complement-fixation test. 

Preparation of Bacterial Antigens. — Tuberculosis. — 1. Cultivate human 
tubercle bacilli in glycerin broth for about 4 weeks and autoclave the flasks at 10 
pounds pressure for 20 minutes to kill the organisms. 

2. Filter on several layers of good paper and wash the bacillary residue free of 
glycerin with sterile water. 

3. Transfer the residue to a desiccator and dry over sulphuric acid. 

4. Grind in a mortar under a hood for % hour and keep in a tightly stoppered 
bottle at room temperature. 

5. Place 1 gram of powder in a small Erlenmeyer flask fitted with a Liebig’s 
condenser and electric heater and boil gently for 1 hour with 200 c.c. of ether. 
Discard the ether: dry the residue by placing the flask in an incubator, add 200 
c.c. of acetone and boil for 1 hour. Discard the acetone, add 200 c.c. of absolute 
ethyl alcohol and boil for 1 hour. Discard the alcohol. 

6. Dry the residue in the flask, add 190 c.c. of distilled water and boil for 
1 hour. Add 2 grams sodium chloride to render isotonic and 10 c.c. of 5% tricresol 
or phenol as a preservative. Store in a lightly stoppered bottle in a refrigerator 
for at least one week to ripen before titration. 
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Gonococci, Typhoid Bacilli, Glanders Bacilli, Brucella abortus. Streptococci and 
Other Organisms. — First Method.' — -This method is especially adapted for pre* 
paring antigens of the gonococcus and other organisms difficult of cultivation on a 
large scale. Both it and the method that follows are based -upon the principle 
of utilizing whole organisms. In the preparation of gonococcus antigen it is im- 
portant to use several strains which represent the several different serologic types 
(Torrey), 

1. Cultivate the organism on a suitable solid medium and wash off the growths 
with sufficient sterile distilled water to give a suspension containing approximately 
2,000,000,000 per c.c. Or the organism may be cultivated in a suitable fluid 
medium, centrifugated and tbe residue suspended in sterile water to the same 
concentration. 

2. Shake the suspension with glass beads for an hour to break up clumps. 

3. Transfer to an Ertenmeyer flask fitted with a Liebig’s condenser and electric 
healer and boil gently for 2 hours. Or the suspension may be boiled in an Arnold 
sterilizer lor the same time, making up for any loss in volume with sterile water. 

4. Add 1 gram of sodium chloride and 5 c.c. of tricresol or phenol to each 
100 c.c.; stopper tightly and keep in a refrigerator for a week to ripen before 
titrating. 

Second Method. — This method is particularly serviceable for preparing antigens 
of organisms readily secured in large amounts, os storing iii dry powdered form 
provides a means for keeping indefinitely tbe base from which antigen may be made 
up in small amounts as required. 

1. Cultivate the organism on a suitable solid medium and remove with a mini- 
mam amount of sterile saline solution or cultivate in a fluid medium and secure 
tbe organisms by centrifugation. 

2. Dry the residue in a desiccator over sulphuric acid and grind for % hour 
under a hood. 

3. Store the powder in ampules or in a tightly stoppered bottle at room tem- 
perature. v 

4. For use place 1 gram in 190 c.c. of sterile distilled water and boil with a 
condenser for 2 hours; or boil in an Arnold sterilizer for the same time, making 
up for any loss in volume by adding distilled water. 

5. Add 2 grams of sodium chloride and 10 c.c. of 5 % phenol or tricresol. Place 
in a tightly stoppered bottle in a refrigerator to ripen for a week before titrating. 

In case one so desires smaller quantities can readily be made up in similar 
proportions. 

The Price Method for Preparing Gonococcus Antigen. — Gonococci, grown 
on hydrocele agar (pH 7.5) in a triangular Roux hottle at 37.5® C. for 2148 hours, 
are washed off into a cylinder with 100 c-c. of “physiological” saline (0.9^ ) *, this 
usually yields a suspension of about 180 millions of organisms per c.c. One c.c. 
of N/l NaOH is added, and the cylinder placed in the 37.5® C. bath for 2 hours, 
after which most of the organisms will be found to be in solution. The fluid is then 
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filtered through sterile lint to remove pieces of medium and other, gross insoluble 
matter. To the clear filtrate 1.5 c.c. of N/l HCI is now added, and- the cylinder 
returned to the bath. After 10' to 20 minutes, white flocculi appear, and these are 
centrifuged out of solution (3,000 r.p.m.) and then suspended in 4 c.q. of sterile 
saline. N/10 NaOH is added to the suspension, drop by drop, until a pH of -7.5 
to phenol red is reached. Dy vigorous shaking, the suspension appears to go into 
solution. No further addition of alkali affects the solubility of the precipitate, but 
if the alkaline reaction is carried above pH 9.5 its antigenic properties become 
definitely weaker; 1 c.c. of 1% formalin is added and the “solution"’ is then 
filtered through sterile lint. This colloidal solution constitutes the concentrated 
“antigen"’ and for use in the test proper it is diluted according to its titer. The 
antigen obtained in the manner described is not a true solution, as by centrif- 
ugalization the colloidal suspension of protein can be thrown down as a deposit. 
It is advisable to prepare the antigen in bulk, using up to 10 Roux bottles; a 
sample of antigen is prepared separately from each bottle according to the above 
technic. Each sample having been formalized, they are mixed and the mixture is 
filtered through sterile lint. The resulting filtrate is transferred into sterile ampules 
or lest tubes (5 c.c. capacity) which are hermetically sealed and then- heated for 
2 hours at 56° C. Before use the titer of the antigen of a sample ampule Is 
ascertained, and once this titer is known no subsequent titration is necessary. It is 
important that the test tube or ampule containing the concentrated antigen should 
be well shaken before measuring out the quantity (indicated by its titer) required 
for dilution. The antigen can be kept on ice or at room temperature, and, provided 
no contamination has occurred, it will keep its properties indefinitely. 

Salmonella Pullorum ( Bacillary White Diarrhea of Chickens ). — Method of 
Bushnei.l and Hudson. — Cultivate Salmonella pullorum on agar. Wash off with 
saline solution. Shake vigorously' for several minutes and filter through glass wool. 
Centrifuge for 45 to 60 minutes at high speed. Discard the supernatant fluid. To 
each c.c. of sediment add 10 c.c. of ether. Mix -well for 4 hours. Discard the ether. 
Add fresh ether and extract for 2 hours. Discard ether and dry residue in incubator. 
Suspend the residue in sufficient saline solution to give a turbidity equal to tube 3 
of the McFarland nephelometer. 

Brucella Abortus ( Bovine Infectious Abortion ). — Method or Boerner and 
Stubbs. — Cultivate seveial strains on liver infusion or glycerin agar for 4 to 7 
days. Wash off with small amounts of steiile distilled water. Heat at 100° C. for 3 
hours and place in refrigerator for 10 days with occasional shakings. Then shake 
well and centrifuge at low speed for a short time to throw down a greater portion 
of the bacteria. The supernatant fluid, which' should be still quite turbid, is 
pipeted off; add phenol to 0.5^. Keep in lefrigeiator. 

Titration of Bacterial Antigens. — -The technic is exactly the same as described 
for titration of antigen for the syphilis reaction except that the dilutions are slightly 
different. 

1. The following table gives directions for preparing the dilutions and it makes 
no difference wdiether antigen is added to saline or saline to antigen: 
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2.0 ex. antigen (full strength) 
1.0 c.c. antigen (full strength) 

1.0 c.c. antigen (1 :2) 
j.Oe.c. antigen (1 :3) 

1.0 c.c. antigen (1 :4) 

0.5 c.c. antigen (1 : 2) 

1.0 c.c. antigen (1 :6) 

1.0c.c. antigen (1:8) 

1.0 c.c, antigen (1 : 10) 

0 2 c.c. antigen (1 : 4) 

0.2 c.c. antigen (1 j 6) 

0 2 c.c. antigen (1 : R) 

0.2 c.c. antigen (1 : 10) 

0.2 c.c. antigen (1 : 12) 

1.0 c.c. antigen (1 :80) 

1.0 c.c. antigen (1 : 100) 

0.5 c.c. antigen (1 : 100) 

0.5 c.c. antigen (1 :200) 


-f- 2.0c.c. 
+ 2.0 c.c. 
4- 1.0 c.c. 
-j- 1.0 cx. 
+ 1.0 ex. 
-f 2.0c.c. 
+ 1.0 cx. 
4-1.0cx. 
+ 1.0c.c. 
4-1.8c.c. 
4- 1.8 c.c. 
4- 1-8 c.c. 
4- L8c.c. 
4- 1.8 cx. 
4-1-Oc.c. 
4-1.0c.c. 
4- 1.0 cx. 
4- 0.5 c.c. 


ine solutions: 
ine solution = 
nc solution = 

ne solutions: 

solution = 
ine solution = 
ine solution = 
solution = 
ne solution = 
nc solution =: 
nc solution = 
ne solution = 
ne solution = 
ne solution = 
ne solution = 
ne solution = 
ine solution = 
ine solution = 


1:2 
1 : 3 
1:4 
I :6 
1 :8 
1 :10 
1 : 12 
1 : 16 
1 :20 
1 :40 
1 :G0 
I :80 
I : 100 
1 : 120 
1 : 160 
1 :200 
1:300 
1 : 400 


2. The following table shows the method of titrating for hemolytic activity, 
but since bacterial antigens prepared by the methods given above are rarely 
hemol)tic, this titration may be safely omitted: 


Tub* 

AnliQtn, 

OSes. 

IleaM 
Human 
Strum • e t 
</ 10) 

Sal, at 
Sululum. 

PI 

Gorpiurlf, 

(3 prr ttnl ) 

| 

Eramglt of 

I 

Full strength 

05 


sj? 

0.5 

x 

Slight hemolysis! 



0.5 


=?■£ . 

0.5 



3 

1:3 

0.5 


V* 2 $ 

0.5 


No hemolysis 

4 

1:1 

05 



0.5 


No hemolysis 

5 

1:6 

0.5 

JBgB 

ol-S 

0.5 

fe 

No hemolysis 

6 

1:0 

05 

1.5 


05 

Jo 

No hemolysis , 







£ 


ie S c e uLn< are •*!«) to urh tube InMMil of 1 See. 

>U of antigen aliouki lie centrifuged to determine any hemotyala 


The hemolytic unit is the smallest amount of antigen just producing some 
hemolysis; in the above table this is 0.5 cx. of full strength. 

3. The first table given on page 641 shoos the method of titrating for anti - 
complementary activity and is the most important of all; it must be conducted 
at frequent intervals with most bacterial antigens. 

The anticomplementary unit is the smallest amount of antigen giving slight 
inhibition of hemolysis; in the above table this is 05 c.c. of 1:6 dilution. 

4. The second table given on page 6-11 shows the method of titrating for 
antigenic activity, which is not essential but always advisable if a suitable posi- 
tive serum is available. 

The antigenic unit is the smallest amount of antigen giving 4- 4* + + or com ' 
plete inhibition of hemolysin. In the above table this is 0.5 c.c. of 1:60 dilution. 
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ANTICOMPLEMENTARY TITRATION 




Healed 

Com 

C5p £ 

Hcmaly- 

Car- 



Tube 


Human 

ment , 


puseles. 


Example of 

0 5 c c 

Serum,* 

c c 

O u ® 


cc 


Readings 



c c 

(i-m 

(2 full 
units) 


(2 anils) 

(2 per 
cpnl) 



1 

Full strength 

0.5 

1.0 

b «<2 
c2~ ^ 

0.5 

0.5 

O 

No hemolysis 

2 

1:2 

0.5 

1.0 

, u 'c 

0.5 

0.5 


No hemolysis 

3 

1:3 

0.5 

1.0 

U 2 o 

0.5 

0.5 

C 

Slight hemolysis 

4 

1:4 

0.5 

1.0 

os It'S 

0.5 

0.5 


Slight hemolysis 

5 

1:6 

0.5 

1.0 

c >v3 

0.5 

0.5 

«2 

Marked hemolysis t 

6 

1:8 

0.5 

1.0 

n O 

0.5 ' 

0.5 


Complete hemolysis 

i 

1:10 

0.5 

1.0 

v ~ s cs 

0.5 

0.5 

s 

Complete hemohsis 

8 

1:12 

0.5 

1.0 


0.5 

0.5 


Complete hemolvsis 

9 

1:16 

0.5 

0.5 

1.0 

a C u 
o 

0.5 

0.5 

o 
— j 

Complete hemolysis 

10 

1:20 

1.0 

o.c 

t A 

0.5 

0.5 


Complete hemohsis 

11 

None; 0.5 c.c. 







saline solution 

0.5 

1.0 

a £ ~ 

tc 5 c 

0.5 

0.5 


Complete hemoljsisf 

12 

None; 2.5 c.c. 



\Z C'S 
*B»= s 





saline solution 

None 

None 

None 

0.5 


No hemolysis § 


* May be omitted and 0 5 c c of saline added instead 

t Anticoxnplcmcntary nmt being smallest amount of antigen giving slight inhibition of hemolysis 
t Hemolytic system and serum control 
$ Corpuscle control 


ANTIGENIC TITRATION 




Healed 

Complc- 



Cor- 



Tube 

Antigen, 

Positive 

rnenl. 


Hemolv - 

puseles. 


Examples of 

Serum * 

CC 

c u 2 

am. 

CjC 


Readings 


0 5 cc. 

c c 

(2 full 


c c 

(2 per 


- 


a-to) 

units) 

Xfi CNJ 
rH u, 

(2 units) 

cent) 



1 

1:10 

0.5 

1.0 

u atH 

a* >> 

0.5 

0.5 

O 

+ + ++ 

2 

1:20 

0.5 

1.0 

b’S 

0.5 

05 


+ + + + 

3 

1:40 

0.5 

1.0 


0.5 

0.5 

C 

T4--j — i- 

4 

1:60 

0.5 

1.0 


0.5 

0.5 


+ + + -F (t) 

-r-| — f* 

5 

1:80 

0.5 

1.0 

O 

0.5 

0.5 

a 

6 

1:100 

0.5 

1.0 


0.5 

0.5 


-h + 4- 

7 

1:120 

0.5 

1.0 


0.5 

0.5 


+ + 

8 

1:200 

0.5 

1.0 

•g * £ 

0.5 

0.5 


4* 

9 

10 

11 

1:300 

1:400 

0.5 c.c. 

O.o 

r.o 

1.0 

c C u 

0.5 

0.5 

0.5 

0.5 

o 

■*-> 

$ 



Saline solution 

0.5 

1.0 

S= 5 

0.5 

0.5 


-t 


1.0 c.c. 



\Z 




12 

Saline solution 

None 

1.0 


0.5 

0.5 


-& 


=*■0500 of 1:10 dilution human positive serum heated at 55° C for 15 to 20 minutes, same if horse or guinea- 
pig immune sera are used, cattle sera 50° to 60° C for 30 minute*; mule sera 62° C for 30 minutes But 0 5 c c. 
of 1*50 if a rabbit immune serum (lie. ted at 60° to 62° C for 30 minutes) is being ie-ed in the al>ovo titration. 
tThe antigenic unit being the smallest amount of antigen giving a -f 4*4* + reaction, 
t Senim control giving complete hemolysis 
§ HemoI> Uc s> stem control giv mg complete hemolysis 

The Dose of Antigen to Employ. — A dost of bacterial antigen equivalent to 
one-third of the anticomplementary units is used. For example, if the anticomple- 
mentary Unit of an antigen happens to be 0.5 c.c. of 1 : 6 dilution, the dose may 
he 0.5 c.c. of 1 : 18, and the amount would probably carry 2 to 1 0 antigenic units 
as determined by the antigenic titration. 

The antigenic titration is always advisable if a suitable positive serum is avail- 
able, but if not, the anticomplementary titration alone may be made and the antigen 
used in an arbitrary dose equivalent to one-third of the anticomplementarv unit, if ?>•; 
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Bacterial antigens keep very well in the refrigerator; it generally suffices to 
titrate but once a month, although one may titrate for anticoinplemcntary activity 
each time tests arc conducted l»y u^ing the 2-hour water bath incubation. 

Quantitative and Qualitative Complement-Fixation Tests.—' The teihnic 
of tlie'se is exactly as described for the syphilis tests except that the primary incuba- 
tion may be either (a) 15 to It) hours in the refrigerator at 0° to 8° C. followed 
by hour. in a water bath at 38° C. or (4) 2 hours in a water bath. The latter is 
particularly recommended for the tuberculosis complement-fixation test. In the 
quantitative test serum is used in amounts of 0.2, 0.1, 0.05, 0.025 and 0.005 c.c, with 
0.2 c.c. in the control ; in the qualitative test the scrum is used in amounts of 0.2 
and 0.1 c.c. with 0.2 c.c. in the control. 

It is advisable to include positive and negative controls, especially the former. 
The negative controls should be of human sera in the tuberculosis, gonococcus, 
typhoid and such tests; the posithe controls should he of human sera when avail- 
able but otherwise immune sera of the lower animals may be used. 

The readings should be made JO minutes after complete hemolysis of the antigen 
control in the case of those sera showing complete hemolysis of the serum controls; 
these give the most sensitive readings. Otherwise the readings should he made 
immediately after the secondary incubation of one hour, providing the antigen, 
serum, hemolytic system and negative serum controls show complete hemolysis. 

In conducting the tuberculosis complement-fixation lest, the Wassermann test 
should be aluays conducted at the same time because syphilis antibody may give 
a positive reaction with tuberculosis antigen in the absence of tuberculosis, When 
the Wassermann reaction is strongly positive, the tuberculosis test is also quite apt 
to yield a positive reaction and should be reported upon with great caution. This 
is not true, however, in the case of the gonococcus, typhoid and other bacterial 
complement-fixation tests. 

KOLMER COMPLEMENT-FIXATION TESTS FOR TRYPANOSOMIASIS 
AND ECIIINOCOCCUS DISEASE 

Methods for preparing the various antigens are given below. The methods for 
titrating the hemolytic, anticomplementary and antigenic activities are exactly as 
given for the titration of bacterial antigens, the hemolytic system and general 
technic being exactly as described for syphilis. ' 

Each antigen is employed in a dose equivalent to one-third of its anti- 
complementary unit since the large amounts yield the most sensitive reactions, 
prezone reactions being quite uncommon. Therefore the anticomplementary unit 
of each antigen must be known on the basis of preliminary titrations. 

In conducting the main test3, either the quantitative or qualitative technic may be 
employed with a primary incubation of 15 to 18 hours in a refrigerator at 6° to 8° 
C. followed by % hour in a water bath al 38° C., or the water bath only may be 
employed for 2 hours; the former has yielded the more sensitive and satisfactory 
results. 

In conducting the echinococcus and other tests with human sera, it is advisable 
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( indeed necessary) to conduct a Wassermann test at the same time because all of 
these antigens are capable of yielding cross • complement- fixation reactions with 
sera containing large amounts of syphilis antibody. Whenever a serum gives a posi- 
tive Wassermann reaction , the results of positive echinococcus or other reactions 
should be interpreted with due care. 

When rabbit immune sera are used for positive controls, the dose should not be 
more than 0.5 c.c. of 1 : 50 dilution (0.01 c.c. serum) in order to avoid the non- 
specific reactions which are sometimes yielded by normal rabbit serum with these 
antigens. 

Antigens of Trypanosomes. — As a general rule these are prepared of Try- 
panosoma equiperdum for complement-fixation tests with the sera of horses for 
dourine. 

White rats are inoculated and ' as soon as the tail blood shows the presence 
of a heavy infection, antigens are prepared by securing the organisms from the 
blood by the method of Reynolds and Sehoening as follows: “Blood of infected rats 
is collected in a 1% sodium citrate solution in physiological salt Solution in order 
to prevent coagulation. When all the blood has been collected, the solution is 
filtered through cheesecloth to remove clots, fibrin, etc., poured into tubes, and 
centrifugalized for about 20 minutes at 2100 revolutions per minute. This pre- 
cipitates all the corpuscles and most of the tiypanosomes, leaving an upper stratum 
of blood serum and citrate solution containing some of the organisms. This fluid 
is drawn off and again centrifugalized in order to recover any of the protozoa 
which may he present. To the other tubes containing the mass of corpuscles inter- 
mixed with and superimposed by trypanosomes is added sufficient distilled water to 
produce complete hemolysis of the rat erythrocytes, a matter of about 20 minutes, 
which procedure is facilitated by agitation of the mixture in a flask. This also is 
centrifugalized but in this instance for about % hour, upon the completion of which 
there is found at the bottom of the tubes a mass of trypanosomes with an admixture 
of stroma of the hemolyzed red cells, which latter, in quantity, has been found to 
be negligible. After discarding the supernatant fluid (hemoglobin-stained water) 
physiological salt solution is added and the material vigorously shaken until the 
mass of trypanosomes is disintegrated and evenly distributed throughout the solu- 
tion. Centrifuging is again resorted to with similar results, the washed mass of 
trypanosomes being packed at the bottom of the tubes. The salt solution is poured 
off and an amount of preserving fluid (physiological salt solution and glycerin) 
equal to about twice the amount of trypanosomes added: the mixture is then 
agitated until a uniform suspension is acquired, when it is stored at a low tem- 
perature until used.” 

Echinococcus Antigen. — The fluid from echinococcus , cysts has been usually 
employed preserved with 0.5% phenol in a refrigerator. It would appear, however, 
that the scolices contain most of the antigenic principles and a better antigen may 
be prepared by grinding up the moist scolices with fine sand in a mortar and adding 
9 volumes of the clear cyst fluid or saline solution to give an approximate 10% 
extract of the scolices. Phenol or tricresol should be added to 0.25% and the 
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mixture extracted in an incubator at 37® C. lor 4 days, filtered, and stored in a 
refrigerator. 

Fairley recommends an alcoholic extract prepared by grinding the scolices with 
fine sand, adding 9 volumes of absolute ethjl alcohol to give a 10% extract, and 
placing the mixture in an incubator for 2 days when it is filtered and stored for 
use. 

KOEMER COMPLEMENT-FIXATION TESTS WITH RABBIT, DOO AND 
MULE SERA 

The sera of some of the lower animals, notably of the rabbit, dog, and mule, 
sometimes yield nonspecificcomplement-fixation and precipitation reactions with the 
various antigens employed in the syphilis reactions. With various bacterial antigens 
the degree of fixation is even greater. Therefore, in conducting complement-fixation 
reactions ttiili the sera of these animals, the technic must be modified to avoid the 
possibility of these nonspecific reactions and yet sufficiently sensitive for the detec- 
tion of specific antibody. These ends are met by heating the sera at 62® C. instead 
of at 55® to 56® C. and by using more complement (first method) or smaller doses 
of serum (second method). 

First Method.- — The technic is exactly the same as described for the testing 
of human sera except: 

1. The natural anltsheep hemolysins are not removed from the sera. 

2. The sera ore heated in a water bath at 62® C. for 30 minutes. 

3. The doses in syphilis tests are 0.1, 0.05, 0X125, 0.0125, 0.006 and 0.1 c.c. 
(control) in the quantitative test. But in bacterial complement-fixation tests smaller 
amounts of serum should be used as: 

0.025 c.c. (0.5c.c.of 1 : 20) 

0.01 2 c.c. (0.5c.c.of 1 :40) 

0.006 c.c. (0.5c.c.of 1 :80) 

0.003 c.c. (0.5 c.c. ol 1 : ICO) , etc. 

0.025 c.c. (0.5 c.c. of 1 : 20) control 

The first two doses of either series are used in the qualitative test, j.e., 0.1, 0.05 
and 0.1 c.c. (control) with cholesterolized and lecithinized alcoholic extract of beef 
heart antigen in syphilis tests, or 0.025, 0.012 and 0.025 c.c. (control) in bacterial 
complement-fixation tests employing the antigen in a dose equivalent to one-fourth 
of its nnticomplementary unit. 

4. Four units of complement are used instead of 2^j and so diluted that this 
dose is contained in 1 c.c. Example: 

Unit ~ 0.3 c.c. of 1 ; 30 
Four unils = 1.2c.c.ofl :30 

To calculate the dilution to use so that 1 e.c. contains the dose, divide 30 by the 
dose: 


*— =25 or dilution! : 25 in dose of 1 c.c. 

1.2 
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Second - Method.— T/ze technic : is exactly the . same; as described, for testing 
„■ human sera except: : v V . --ly;-’ f 

.. ,l.':The natural antisheep hemolysins are not, removed from the sera.-t - . 

: 2. The sera are heated in a'water bath at 62 s G. for , 30 minutes. ; 

3. The doses of serum in quantitative syp/iito tests with the usual dose of antigen v 
' are:,* • •- „ . 1 ’ ■' !*' -y V/'v/r V 

. • ' 0.025 c.c. (0.5 c.c. of 1 : 20) '/ -/ • v S . -V~? . ■ 

... •*. - 0.0125 c.c. (0.5 e.c. of 1:40) ; V w). V, 

, .' 0.006 c.c (0.5 c.c. of 1 : 30) • 0- : - 

• 0.003 c.c.(0.5 c.c. ofl :1 : 60)-; \ 1! , \\w. yy/' ^ 

0.0015 c.c. (0.5 c.c. of 1 : 320) . ; ^ . : , / 

0.025 c.c. (0.5 c.c. of 1 : 20) control. . ,' f . y" 

Tli’e doses in quantitative bacterial tests with one-fourth of the anticbmplementary . 
unit of antigen are: ‘ 4 

0:0125 c.c. (0.5 c.c. of 1 : 40) ' " - -V* •' f' ‘ •' / - '■ f; ’ -vy". 

0.006 c.c. (0.5 c.c. of 1 : 80) ' ‘• t \- v‘„ 

0.003 c.c. (0.5 c.c. ofl : 160) • ' - ly; 

0.0015 c.c. (0.5 c.c. of 1 : 320) ' . V ' / 

'0.0008 c.c. (0.5 c.c. of 1 : 640) ' ' ' v ; y , 

0.0125 c.c. (0,5 c.c. of 1 : 40) control 

In qualitative tests the first 2 doses of either series are employed along with the 
larger amount in the third Tube or serum control. - ' . 

Heating sera aV.62° - C. for 30; minutes does not destroy enough antibody in • ;, : 
syphilitic rabbits or in rabbits and dogs immunized to various antigens to inter- 
fere with the sensitiveness of the reactions; nor does this degree of heating of mule : ; . 
sera interfere with the sensitiveness of the glanders complement-fixation test for • 
which they are usually submitted. \ 

KOLMER COMPLEMENT-FIXATION TESTS WITH URINE, MILK, .' \ 
TRANSUDATES AND EXUDATES 

Transudates like pleural, pericardial, peritoneal and joint fluids are usually free 
of anticomplementary activity and may be tested in the same manner as serum. 

They should be heated at 55° C. for 15 minutes. As a general rule,-, however, their f' 

; antibody content is less than in serum and larger doses are sometimes required - 
similar to those employed in testing spinal fluid (0,5, 0,25, 0.125 c.c., etc.)., , , . 

Exudates like blister fluids and tuberculous pleural exudates 'are much more , - 

likely to be anticomplementary; likewise urine and milk. . 

Urine, milk and exudates (like pleural exudates, for tuberculosis)' should be , 
freshly collected and kept at a low temperature until examined. Each should be - 
heated at 55° C. for 15 minutes and first tested for anticomplemehtary. activity 
.as.follows: ’ - • : v “• T 
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1. Titrate hemolysin. 

2. In a series of eight test tubes place 0.5 c.c. undiluted, 1:2, 1:3, 1:4, 1 : 6, 1 : 8, 
1:12 and 1:16 dilutions of the fluid to be tested. Titrate the complement and add 
2 full units (1 cx .) ; also 0.5 c.c. of saline solution. 

3. Water bath at 37° C. for 1 hour. 

4. Add 2 units of hemolysin and 0.5 c.c. of 2 r fo corpuscles. 

5. Water bath 1 hour and read. 

6. Include a liemoljtic system and corpuscle control. 

The smallest amount giving even slight interference of hemolysis is the anti- 
complementary unit and varies greatly with different specimens. 

7. In setting up the complement-fixation tests, place onc-fourlh of the anti- 
complementary unit in a front and rear tube; for example, if this happens to be 
0.5 c.c. of 1:4 dilution, use 0.5 c.c. of 1: 16. 

8. To the front tube add the usual dose of antigen and to the rear tube 0.5 c.c. 
of saline (control). 

9. The complement is titrated in the presence of the antigen in the usual manner 
and 2 full units added to both tubes. 

10. The primary incubation is the usual 15 to 18 hours at 6° to 8° followed by 
10 to 15 minutes in a water bath, the test being finished in the usual way. 



CHAPTER XXX 

METHODS FOR CONDUCTING PRECIPITATION TESTS 

Numerous precipitation or flocculation tests have been described for the serum 
diagnosis of syphilis by Michaelis, Sachs-Georgi, Vernes, Meinicke, Dreyer and 
Ward. Kahn, Kline, Eagle, Hinton, Rosenthal and others. Their value in compari- 
son to the Wassermann test depends not so much on their infallibility as on the 
fact that each technic affords a different approach to the serum diagnosis of 
syphilis and to the serological -guidance of treatment. 

KAHN TEST FOE, SYPHILIS* 

Standard Apparatus. — 1. Antigen suspension vials: 5.5 centimeters in length 
and 1.5 centimeters in inside diameter (1.7 centimeters outside diameter). 

2. Test tubes: 7.5 centijnetersHn length and 1 centimeter in inside diameter 
(1.2 centimeters outside diameter). 

3. Pipets for measuring antigen suspension: (a) 1.5 c.c., 1 c.c. or 0.5 c.c. 



Fig. 340. — Kahn Shaking Apparatus 


graduated to 0.05 c.c., for measuring the 0.05 c.c. quantities of suspension; ( b ) 
0.25 c.c. graduated to 0.0125 c.c. or 0.2 c.c. graduated to 0.001 c.c., for measuring 
the 0.025 and 0.0125 c.c. amounts of antigen suspension. 

4. Pipets for measuring serum: 1 c.c. graduated to 0.01 c.c. or 0.45 c.c. (dr 
0.6 c.c.) graduated to 0.15 c.c. 

5. Pipets for measuring saline: (a) 10 c.c. graduated to 0.1 c.c.; (&) 1 c.c. or 
2 c.c. graduated to 0.01 c.c. 

1 For a more detailed description of the test consult The Kahn .Test— A Practical Guide, 
Williams and Wilkens Company, Baltimore, 1928. 
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6. Test tube racks: These racks are made of sheet copper and are 3 inches wide, 
11% inch Jong and 2% inches high. They are constructed of 3 shelves, upper and 
middle ones containing 3 rows of 10 holes, each of approximately % inch in diam- 
eter. The holes of the center row are offset % inch. The bottom shelf serves as 
a support. 

7. Shaking apparatus: There are several types of shaking apparatus available on 
the market. Most shakers ore constructed to hold a maximum number of 6 racks 
(Fig. 340) and are adjustable to hold less than this number if it is desired. Other 
shakers are constructed with a capacity for holding less than 6 racks, for use in 
laboratories where small numliers of tests are performed. The standard sjieed 
ranges from 275 to 285 oscillations per minute, with a stroke of 1% inches. The 
speed should he checked from time to time to assure conformity to this require- 
ment. It may be desirable ta enclose the 6-ratk shaker in a w ooden box ,to reduce 
the noise during the shaking period. Such a box should l>e lined with felt or some 
similar material which will absorb sound. 

Preparation of Reagents. — Serum. — Collect blood as for the complement- 
fixation test; separate the sera and heat at 56“ C. for 30 minutes. 

Saline Solution . — Dissolve 9 grams of chemically pure sodium chloride in 
100Q c.c. of distilled \s oler and filler. 

Antigen . — The antigen for the Kalin test is a specially prepared alcoholic extract 
(cholesterolized) of pondered lieef heart from which the ether-soluble elements 
ha\e been partially removed. 

Powdered beef heart for preparing antigen is now obtainable on the market in 
the form of Bacto-Beef Heart, which gives highly uniform results, due undoubtedly 
to the fact that a large number of hearts are used in making a given lot. Because 
of this uniformity, and also because of the labor- and time-saving factors, it is 
advantageous to employ this product in the preparation of antigen. 

1. Filly grams’ ol powdered bee! heart ore placed in a 500 c.c. Erlenmcjer 
flask. Two hundred c.c. of ether (anesthesia) are added and the flask is shaken at 
frequent intervals for 10 minutes. At the end of this period the ether is filtered off. 
Gentle pressure is applied to the beef heart in the funnel by means of a spatula, 
to assure as complete removal of the ether as possible. The filtration is completed 
when practically no drops of ether pass through the funner as a result of pressure 
with the spatula. 

2. The moist beef heart is transferred to the original flask. This may be done 
by first transferring the beef heart from the funnel to a sheet of white paper and 
breaking the material with a spatula into pieces small enough for the mouth of 
the flask. One hundred and fifty c.c. of ether are added to the flask, which is again 
shaken at frequent intervals during a 10-minute period. The ether is then filtered 
off as in the previous case. 

3- The heart muscle is returned to the flask a third time and again covered with 

s 'When employing 100 gras, of beef heart, use 1000 c c. Erlenmeyer flask and double the 
amount* of ether as compared with the amounts used for 50 gms. 
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150 c.c. of ether.The flask is shaken, from time to time during a 10-minute period 
and filtration carried out as .previously. ... ■ , fi-.V':;' * - -fiv. • ‘ fi 

4. The moist powder is. then transferred to the/Erlenmeyer flask for the fourth*;, 

and last ether extraction. One hundred and fifty c.c. of ether are added to the flask' 
and after a 10-rhinute .extraction. period, with frequent shaking, the final filtration,. . 
of the ether, is carried out. It is well to employ fresh filter paper for each, filtration. ; ’ . 
but care should be taken to minimize the loss of powdered muscle by ' scraping as ; 
much of the residue as possible from the paper into the extraction flask. When 
the moist heart muscle has been freed from ether as completely as in the earlier 
filtrations, it is spread upon a sheet of white paper or a cleanglass plate and dried , 
for about 30 minutes, at room temperature. When the material is dry. and free 
from ether odor, it is ready for extraction with alcohol. The same Erlehrheyer 
flask in which the ether extraction was carried out may be employed for the 
alcohol extraction, prodded the ether has been completely removed .before .the../, ' 
adding of, the powdered muscle and alcohol. v .\ . * ".■• • * 

5. After completing the ether extractions, the dried powder is weighed .and 
transferred to a 500 c.c. Erlenmej’er flask. Five c.c. of 95% alcohol are added 
"per gram of powder, the flask is shaken for 10 minutes, and extraction continued 

for 3 days at room temperature about 21° C. The flask is not shaken again 
during this extraction period except, for a 5-riiinule period just before filtration. 

The alcoholic extract after filtration is kept at room temperature in the dark as 
stock solution. All corks employed in connection with the preparation and storing 
of antigen are covered with high-grade thin tin foil. ...V - . . • '• tv ' , - 

6. A . given amount of the alcoholic extract, is measured into an Erlenmeyer 

flask and 6 milligrams of cholesterol are added per. c.c. of extract. The flask is 
placed in warm, water bath and rotated to hasten solution of tlie cholesterol.. When 
the latter, is entirely dissolved, the antigen is. filtered and is /ready for standardi- 
zation. ; : ■’ - \ 

Titration of Antigen. — 1, Measure 0.8, 1.0, 1.1, 1.2, L3 c.c. respectively of 
physiological salt solution into five standard antigen suspension vials (5.5 centi- 
meters length, ,1.5, centimeters diameter). • » ■, ; ' * * ] 

2. Measure into each of 5 similar vials 1 c.c. of cholesterolized antigen. . . . . .O 

3. -Prepare 5 antigen suspensions by mixing the 1 c.c. quantities of antigen, with 

. the varying amounts of salt solution, in series. Empty, the salt, solution , into the ... 
antigen and. as rapidly as: possible (without waiting to drain, the tube) pour the , 
mixture, back and forth 0 times: Permit the mixture to stand for ten and not over. ' 
thirty minutes. l ; ■-;•* }S • ", '/ "V". ' 

. 4, Test : for the dispersability in salt solution . of the . lipid aggregates : present* ) 
in, the antigen-salt solution suspensions after thoroughly mixing as follows: 

(o) ; Set up 5 series of 3 standard tubes (employed, in . performing the Regular v - 
Kahn test with serum, 7.5 centimeters length, T , centimeter , diameter). . ! ' 

(b) Pipet 0.05, 0.025,- and. 0.0125 c.c: quantities of each of the 5 antigen sus- . ,VV 
pensions, in series, to the bottom of the tubes, using a 0.2 or 0.25 c.c. pipet marked ' i'-,' 
in OiOOl or 0.0] 25, c.c. amounts'.’ =■ , -t 
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When measuring the antigen suspensions in series, it is advisable to begin with 
the suspension containing the largest amount of salt solution, and end with the 
one containing the least amount of salt solution. This will avoid carrying non- 
dispersable lipid aggregates from one suspension to the other. 

<c) Add 0.15 c.c. salt solution to each of the 15 tubes. 

(rf) Shake the rack of tubes for 3 minutes in a shaking apparatus at a speed 
of 275 to 285 oscillations per minute. Jf no sucli apparatus is available, rapid 
shaking by hand will approximate this speed. 

(e) Add 1 c.c. salt solution to the tubes containing the 0.05 c.c. amounts of 
antigen suspension, and 0.5 c.c. to the remaining tubes. Observe whether fluids are 
opalescent or contain aggregates. 

Interpretation of Results. — When each of the 5 antigen suspensions are thus 
tested for the dispcrsability of aggregates, it may be found that the antigen sus- 
pensions prepared by mixing antigen with the smallest amounts of salt solution 
contain aggregates which are not completely dispersed in additional salt solution. 
The titer of the antigen is the smallest amount of salt solution which, when added 
to 1 c.C. antigen, produces aggregates capable of complete dispersion upon the 
addition of further salt solution and giving an opalescent medium which is free 
from cholesterol crystals. If 1.3 c.c. salt solution added to 1 c.c. antigen results 
in a suspension containing particles that are not dispersed in additional salt solu- 
tion, the titration is continued with volumes greater than 1.3 c.c. A titer higher 
than 1 -f- 1.5 can usually he avoided by a modification of the antigen itself. 

Determination of Sensitiveness of Antigen.— The sensitiveness of a new 
antigen is determined by comparing it with “standard Kahn antigen.” The degree 
of sensitiveness of “standard Kahn antigen” was established to give ns high a 
percentage of specific positive reactions as was possible without giving non- 
specific reactions. Each new antigen that Is brought to that established degree of 
sensitiveness becomes a “standard Kahn antigen.” 

1. Preparation of Syphilitic Sera for Comparative Tests. — Ten sera are obtained, 
8 from syphilitic patients and 2 from nonsyphilitic individuals. Of the 8 sera, at 
least 6 should gii’e weakly positive reactions, and the remaining, strongly positive 
reactions. Pooled sera may be employed. All sera are heated for 30 minutes at 
56° C. before being tested. If the sera employed have been pre\ iousty healed for 30 
minutes, they should be reheated for 10 minutes at the same temperature before use. 

1. Testing Newly Prepared and Standard Antigen with Sera. — Antigen suspen- 
sions are prepared with both antigens in accordance with their respective titers. 
Both suspensions are permitted to stand for 10 minutes and each is pipeted in 
0.05, 0.025, and 0.0125 c.c. amounts for a series of 10 Kahn tests. “Hie sera are 
then added in 0.15 c.c. amounts. All the tests are shaken for 3 minutes at 275 
oscillations per minute and after adding the proper amounts of salt solution to 
each lube, the results with the two antigens are compared. 

3- Interpretation of Results. — If the results of the comparative tests with the 
2 antigens are closely comparable, the new antigen probably possesses standard 
sensitiveness. To eliminate the possibility of error, at least 2 additional series of 
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comparative tests are carried out, and if the results are again comparable the 
newly prepared antigen may he consideied as standard, although it is desirable to 
make as many comparative tests as possible with nonpooled seia bcfoie declaring 
an antigen standard. 

Correction of Antigen. — The sensitiveness of a newly prepared antigen may 
be greater or less than that of standard antigen. In either case it can readily be 
corrected to standard requirements. Two reagents are necessary for antigen cor- 
rection: cholesterolized alcohol and sensitizing reagent. ‘ 

Preparation of Cholesterolized Alcohol. — Cholesterolized alcohol is prepared 
similarly to cholesterolized antigen. Thus, for cholesterolizing 100 c.c. of 95^o 
alcohol the alcohol is added to 600 milligrams of cholesterol in a 250 c.c. Erlen- 
meyer flask or similar container. The cork to be employed should be covered with 
thin, high-grade tin foil. Rotate flask in a warm water bath until all cholesterol 
is dissolved. Filter to remove traces of foreign material. The solution is then ready 
for use. 

Preparation of Sensitizing Reagent. — 1. The ether filtrate obtained in the prep- 
aration of antigen from 50 grams of heart muscle is refiltered to remove traces of 
powdered muscle, and is then evaporated with the aid of an electric fan. 

2. When the volume has been reduced to about 10 c.c. or less, the concentrated 
ether extract is transferred to a small, weighed evaporating dish (capacity about 
25 c.c.), the transfer being made complete by washing oul the residue into the 
small dish with a little ether. 

3. Evaporation is continued with the aid of the fan until the ether odor is no 
longer detectable. 

4. At this stage there may separate from the dark brown lipid mass, a few 
c.c. of water. This nater, which will he at the bottom of the evapoiating dish, is 
removed by means of a capillary pipet. The lipid residue is brownish, semi- 
transparent and \iscous. 

5. The evaporating dish is now reweighed, and the weight of the residue de- 
termined. 

6. The residue is transferred to an Erlenmeyer flask (aboul 100 c.c. capacity) . 
This is best accomplished with the aid of a small spatula. 

7. A volume of absolute alcohol equivalent to 10 c.c. per gram of residue is 
added to the flask. A small amount of this alcohol is employed for rinsing the 
evaporating dish. 

8. Extraction is allowed to take place for 30 minutes at room temperature with 
frequent shaking of the flask. 

9. The mixture is filtered, and the filtrate is allowed to stand at room temperature 
for three days. If a precipitate forms during this period, the solution is refiltered. 

10. The filtrate is cholestei olized with 6 mgm. cholesterol per cubic centimeter, 
according to the usual technic. 

11. The cholesterolized extract known as “sensitizing reagent” is filtered and is 
ready for use. 
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Methods of Correction . — In order to understand the methods of correcting 
antigen lo “standard” sensitiveness, it is necessary to recall that antigen sensitive, 
ness (according to Kahn) is directly related to the concentration of lipids in the 
antigen. Only at a certain lipid concentration does an antigen give maximum sensi- 
tiveness, while excessive or deficient concentration reduces antigen sensitiveness. 
Furthermore, the degree of sensitiveness of standard Kahn antigen does not rep- 
resent the maximum sensitiveness of which an antigen is capable, Lut instead rep- 
resents a definitely chosen conservative degree of sensitiveness in conformity with 
specificity. Some newly prepared antigens will thus he more and some less send- 
live than standard antigen, depending on their concentration of antigenic lipids. 

Anticens More Sensitive than Standard Antigen. — When on antigen is 
more sensitive than standard antigen, it could he corrected either by concentrating 
the lipids of the antigen or by diluting the antigen with cholesterolized alcohol 
(since excessive concentration or dilution reduces antigen sensitiveness). 

For simplicity, the method of choice is that of dilution. Technic: To a small 
amount of the oversensitive antigen, such as 10 c.c., is added 1.5 c.c. cholesterolized 
alcohol (15 % dilution). The diluted antigen is now tested against the standard 
antigen, using weakly positive sera. If comparable, the entire lot of new antigen 
is diluted with 15% of cholesterolized alcohol. If not comparable, then if the 
antigen after 15% dilution is still more sensitive than standard, a higher dilution, 
such as 25%, is tried; if 15% dilution reduced the sensitiveness below that of 
standard, a lesser dilution, such as 10%, is tried. 

The method of lipid concentration for reducing antigen sensitiveness is resorted 
to only when it is found that an antigen requires an excessive dilution (bejond 
25%) of cholesterolized alcohol to bring (he sensitiveness to standard require- 
ments. Technic: 1.5 c,c. of noncholesterolized antigen is placed in a email evap- 
orating dish and evaporated to dryness by means of an electric fan. The lipid 
residue is taken up in 10 c.c. of the oversensitive antigen (15% concentration). 
The concentrated antigen is now tested against (lie standard antigen as above. 
!f the new antigen is still more sensitive than standard, a higher concentration, 
such as 25%, is tried; if less sensitive than standard, the concentration is reduced 
to perhaps 10%. 

Anticen Less Sensitive than Standard Antigen. — An antigen is less sensi- 
tive than standard when it is either too rich or too poor in lipids. An antigen which 
is less sensitive than standard because of excessive lipid concentration is corrected 
by dilution with cholesterolized alcohol, employing the identical technic described 
above for correcting oversensitive antigens. An antigen less sensitive than standard 
due lo insufficient lipid concentration is corrected by adding a small amount of 
sensitizing reagent, such as 05%. Technic: To 10 c.c. of the less sensitive antigen 
is added 0.05 c.c. of sensitizing reagent. The modified antigen is now compared 
with standard antigen in the usual way. If still less sensitive than standard, the 
amount of sensitizing reagent is increased to 1 or more per cent; if more sensitive, 
the amount of reagent » reduced below 0.5%. 
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Varying the Amount of Salt Solution in the Titer. — An antigen is most 
sensitive when mixed with salt solution according to its titer. If the titer of an 
antigen, let us say, is 1 -j- 1.1, then antigen sensitiveness is gradually reduced by 
employing antigen suspensions of 1 + 1.2, 1 -j- 1-3, etc. Therefore, an antigen hav- 
ing a titer of 1 -j- 1.1 and moie sensitive than standard antigen could obviously 
be brought down to standaid requirements by employing liters of 1 — {- 1.3, 1 -f- 1.5 
or even greater amounts of salt solution. In doing this, however, care must he 
taken not to i educe the opalescence of the completed reactions to the point where 
difficulty is encountered in reading results. Since most studies on the Kalin reaction 
ha\e been carried out with antigen tilers ranging from 1 -j- 1 to 1 + 1.3, Kahn 
does not recommend the use of laiger amounts of salt solution in the titer, and 
prefers leducing the sensitiveness of antigens to standaid requirements by modify- 
ing the lipoidal content of the antigen. 

The information gained fiom the standardization of the small sample of antigen 
may be utilized in the standardization of the entire amount of it, after which 
comparative tests with at least 40 sera should be made. If the comparison is favor- 
able, the new antigen may be considered as of standaid sensitheness. 

Performance of the Standard Test. — It is well to have the necessaiy equip- 
ment for the test ready before piepaiing the antigen suspension. Have racks set up, 
lubes numbered, sera heated and pipets ready for measuring the antigen suspension 
and serum. Foi measuiing the 0.05 c.c. quantities of antigen suspension, a 0.5, 1.0 
or 1.5 c.c. pipet may be employed, graduated in 0.05 c.c. amounts. For measuring 
the 0.025 oi 0.0125 c.c. quantities, a 0.2 or 0.25 c.c. pipet may be employed which 
is graduated either in 0.01 or 0.0125 c.c. amounts. If the graduations on these pipets 
are not well defined, it is well to mark off the desired measurements xvith a wax 
pencil. 

1. Preparation of Standard Antigen Suspension. — Mix antigen with physiologi- 
cal salt solution according to requixed titer. Thus, if the titer is 1 c.c. antigen plus 
1.1 c.c. salt solution, proceed as follows: 

(o) Measure 1.1 c.c. salt solution into a standard antigen suspension vial. 

( b ) Measure 1 c.c. antigen into a similar vial. 

(c) Pour the salt solution into the antigen, and as rapidly as possible (without 
waiting to drain the vial) pour the mixture back and forth 6 times to insure 
thorough mixing. 

(d) Allow the antigen suspension to stand for 10 minutes before using. The 
suspension should not be used after 30 minutes standing. 

One may mix more than 1 c.c. of antigen with a proportionately larger amount 
of salt solution, but not much less than 1 c.c. One c.c. when mixed r\illr salt solution 
will be sufficient for about 15 tests: 2 c.c. of antigen mixed with salt solution will 
be sufficient for about 35 tests. 

2. Antigen Controls. — After the antigen suspension has stood ten minutes, 
measure 0.025 c.c. into each of 3 tubes (controls) adding 0.15 c.c. saline to one, 
0.15 c.c. negative serunr to another and 0.15 c.c. positive serum to the third: shake 
for 3 minutes, add 0.5 c.c. saline to each and examine. The tubes containing positive 
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and negative serums are controls for the sensitiveness of that particular antigen 
suspension. The saline control is a gage of the opalescence of the suspension, and 
should contain no precipitate. 

3. Measuring Antigen Suspension. — After the antigen control tests have been 
completed, shake the antigen suspension well (closing the mouth of tlie rial with 
the thumb) and measure 0.05, 0.025 and 0.0125 c.c. amounts for each serum, 
delivering the suspension to the bottom of the tubes. When employing the standard 
rack which contains 30 tubes, measure 0.05 c.c. amounts in the tubes of the first 
row; 0.025 c.c. amounts in the tubes of the second row' and 0.0125 c.c. amounts 
in the tubes of the third row. 

4. Measuring Serum. — The scrum should he added as soon as possible after 
the antigen suspension has becrfTpipeted, to itvoid'undue evaporation from the 
suspension. When examining large numbers of sera, it is well for one worker to 
measure the antigen suspension and for another to follow with the sera. Add 
0.15 c.c. serum to each of the 0.05, 0025 and 0.0125 c.c. amounts of antigen sus- 
pension, and shake the rack of tubes vigorously for about 10 seconds (by hand) 
to insure thorough mixing of the ingredients. The rack may now he set aside 
until a given number of tests — up to about 60 — is ready for tlie regular 3-minutc 
shaking period. When examining a’ small number of sera, it is well to permit the 
serum-antigen mixtures to stand for 10 minutes at room temperature before shaking 
for 3 minutes.’ This step will render more uniform the examination of small and 
large numbers of specimens. • 

5. Shaking . — The standard shaking period is 3 minutes. It is important not 
merely to agitaie the rack of tubes hut to see that the fluid within the tubes is 
vigorously agitated. When the testa arc shaken by hand, one may shake each rack 
for 3 one-minute periods. with short rest periods. When a shaking apparatus is 
employed, its speed should be not less than 275 oscillations and not more than 
285 oscillations 'per minute, with a stroke of V/_> inch. When shaking by hand, 
this speed should be approximated. 

6. Addition of Salt Solution -■ — After the scrum-«uspcnsion mixtures hare been 
shaken, add 1 c.c. salt solution to each tube of the first row of the rack (containing 
the 0.05 c.c. amounts of antigen suspension) and 0.5 c.c. salt solution to the 
remaining tubes. Shake sufficiently to mix ingredients. 

7. Reading of Results. — Results may be read immediately after the addition of 
saline, but the final report should be based upon the findings after the tests have 
stood at room temperature 15 minutes after the addition of saline. Optimum read- 
ing conditions in each laboratory should be determined by trial. The following 
points will be found helpful: 

(а) It is well to hare but one source of light coming from a single window 
immediately in front of the observer. It will be found satisfactory to shade the 
upper and lower portions of the window, narrowing the source of light to 8 section 
several feet in height. Light from any other windows near the reader should be 
dimmed by lowering the window shades. 

(б) When holding the rack in front of the exposed section of the window, the 
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definitely positive and the negative reactions are readily differentiated without lift- 
ing the. tubes from the rack. 

(c) In the case of weak reactions, examine each tube individually, lifting it 

several inches above the eye level and slanting it until the fluid is spread into a 
thin layer. The precipitate will then become readily visible. . 

( d ) Those preferring magnification will find the substage mirror of the micro- 
scope helpful. .Place mirror on reading table with concave surface upward. Hold 
the tube in slanting position 2 or 3 inches above the mirror and examine the image 
in the mirror. Either daylight or artificial light may be employed. One may also 
use an ordinary hand lens for reading the tests. A two- or, three-fold magnification 


will be found satisfactory. Some workers prefer the use of a slit-light arrange- 
ment, the source of light being an electric bulb enclosed in a box which is provided 
with a narrow' slit. 

As far as possible, workers should limit themselves to one method of reading. . 
The occasional use of magnification by readers w r ho usually do not resort: to it 
will be likely to affect the uniformity of their reading scale. It should be em- 
phasized that certain highly magnifying aggluti noscopes show particles in serum 
alone, and are thus unfit for use in the test. The magnification must be sufficiently 
low as to assure opalescent and clear-cut negative reactions, with entire freedom < 
from visible particles. . . . 

8. Types oj Reactions . — The reactions are read on a plus-sign basis (Fig. 341). 

(a) Four-plus reactions. In these reactions, definitely visible particles are sus- 


Fic. 341. — Types of Reactions in Kahn Test 
(From Kahn Test, Waverly Press, Inc., Baltimore) 
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pended in a transparent or opalescent medium. The individual particles are readily 
visible by direct examination, without lifting the tubes from the rack. 

(b) Three-plus reactions. In these reactions, the particles are also definitely 
visible, but are less clear-cut than in four-plus reactions. The particles are not 
always distinguishable until the tube is lifted from the rack and examined in- 
dividually. 

( c ) Two-plus reactions. In these reactions, finer particles are suspended fre- 
quently in a somewhat turbid medium. The particles cannot be distinguished until 
the tube is examined individually, usually by slanting. 

(d) One-plus reactions. In these, still finer particles ore suspended in a some- 
what turbid medium. 

(e) Doubtful reactions. In these, extremely fine particles, just within the visible 
range, are suspended in a somewhat turbid medium. 

(/) Negative reactions. Jn these, the medium is transparent and opalescent 
and free from visible particles. In the rack, negative reactions are readily dis- 
tinguished from weakly positive reactions by the fact that the latter appear turbid. 

The American Committee on Evaluation of Serodingnostic Tests for Syphilis 
recommends that reports be rendered as positive, doubtful or negative. 

9. Interpretation of /{esitfls.— The results in the individual tubes are read on a 
plus-sign basis. The interpretation of the results is also on this basis. When each 
of the three tubes shows four-plus precipitation, the final result is interpreted as 
a four-plus reaction. When some of the tubes show weak or negative precipitation, 
such as negative in the first tube, two-plus in the second tube, and four-plus in 
the third tube, the final result is interpreted as a two-plus reaction. In other words, 
the final result is the average of the findings of the number of plus signs repre- 
sented by the three tubes. 3 If, after averaging, the final result contains a fraction 
of one-plus, then, if tire fraction is one-third, it is disregarded; if the fraction fe 
two-thirds, it is counted as an additional plus sign. Examples: + -f » + + + +* 
+ + + +. is interpreted ns a three-plus reaction, and +* -f* 4" +> -f + + 4*» is 
also interpreted as a three-plus reaction. When precipitation in an individual tube 
is read doubtful (zfc), it is not taken into consideration in averaging, but is counted 
ns negative. Thus, rt:, *f-, -j — J — }— is interpreted as a one-plus reaction (four-plus 
divided by three equals one-plus). For reasons of conservatism, very weak reac- 
tions, i.e., those in which precipitation is limited to the third lube, no result is 
averaged unless this tube shows at least a two-plus precipitate. Thus — , — , ■+ -4* 
is interpreted as a doubtful (±) reaction. When the results in the three tubes 
are — rfc, -f-, the reaction is interpreted as negative. It might be added, however, 
that even the latter reactions have been found to be highly specific for syphilis. 
The table reproduced on the following page gives an adequate outline of 
the test. 1 

*ln rare instances, a reaction Is obtained in which precipitation is marked in the first 
tube ami weak or negative In the second and third tubes. In such a case it may be found 
that a 2:1 or 1-1 ratio of serum to antigen suspension may give strong precipitation reaction 
Then the serum reaction is considered as + + + +• 
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3 

Tube 1 

Tube 2 

Tube 3 

Completion of Test 

Seram: antigen suspen- 
sion 

Wm 

6:1 

12:1 

Tests are shaken 3 minutes, 1 c.c. 
salt solution is added to first tube 

Antigen suspension, c.c... 

0.05 

0.025 

0.0125 

and 0.5 c.c. to other tubes and 

Seram (heated at 56° C. 
for 30 minutes), c.c... 

0.15 

' 

0.15 

0.15 

results are read. 


10. Recording of Results. — A permanent record of the "findings in all tubes of 
each lest should be made at the time of reading. Preferably the tests should he 
read independently by two workers. 

11. Serum Controls. — Examine each serum for particles which .might give the 
appearance of a specific precipitate. It is essential to determine, particularly in 
the case of positive reactions, that the serum used in the test is entirely clear. In 
such reactions it is well to dilute the serum with salt solution to correspond ap- 
proximately to the final dilution of serum when the test is completed. This dilution 
of the scrum may render visible fine particles which arc invisible in undiluted 
serum. 

12. Procedure with Less Than Three Tubes. — If there is insufficient serum for 
the regular three-tube test, examine and report as follows: 

(a) If enough serum for two tubes, employ the lesser amounts of antigen sus- 
pension; report as a two-tube test. 

(b) If enough for one lube, employ the least amount of antigen suspension; 
report as a one-lube test. 

(c) If less than 0.15 c.c. seium is available, a one-tube test (micro) may be 
made by employing 10 parts of serum to 1 part of antigen suspension. Thus, if 
0.05 c.c. seium Is available, it is employed with 0.005 c.c. antigen suspension. 
Report these reactions as micro tests. 

Temperature for Performing Kahn Test. — It is essential that the temperature 
of the room during the performance of the Kahn test be close to 21° C. 

Quantitative Procedure. — The Standard test is only partially quantitative. A 
quantitative relationship exists between sera giving -j — -j — |-. + -f- -f-, -f- 
-f- or ±, but two sera giving -f- -f- -f- + reactions might show marked variation 
in potency. The degree of this variation may readily be determined by means of 
the quantitative procedure. Only positive sera are employed. The test consists of 
two steps. The sera are first diluted in series with salt solution, then each dilution 
is tested with antigen suspension, and the highest dilution giving a positive pre- 
cipitation reaction is the end point desired. 

Many -workers use the more sensitive “sensitized” antigen in preference to stand- 
ard antigen in the quantitative tests with serum and spinal fluid. Since these tests 
are made only in cases in which syphilis is definitely established, it is believed that 
the use of a highly sensitive method is more desirable than the use of a conservative 
method. 

1. Serum Dilutions. — Prepare a series of 8 serum dilutions with physiological 
salt solution, so that the ratio of the volume of diluted serum to the volume of 
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scrum before dilution ranges from 1 (undiluted serum) to 60 (1 part serum plus 
59 parts salt solution) . The following scheme is employed: 


Dilution 

Number 

ID 

(2) 

«) 

( 4 ) 

<5) 

( 6 ) 

(7) 

(8) 


Dilution 

Ratio 

1 = undiluted serum 

5 — 02 e c. undiluted serum plus 0.8 cx. sail solution 

10 «=* 0.7 cx. of (2) plus 0.7 cc, salt solution 

20 = 0.2 c-c. of (3) plus 0.2 ex. salt solution 

30 *= 0.2 c c. of (3) plus 0.4 c.c. salt solution 

40 = 0.1 cx. of (3) plus 0.3 c.c. salt solution 

50 = 0.1 ex. of (3) plus 0.4 cc. salt solution 

50 — ‘ 0-1 cx. of 13) plus 0.5 cx. salt solution 


2. Antigen Suspension.— Prepare standard anligcn suspension as for regular 
3-tube te«t (or sensitized antigen as described under Prcsumptiic Procedure). 
Measure 0.01 c.c. amounts of antigen suspension into 8 standard test tui»es. 

3. Measuring Serum Dilutions. — Add 0.15 c.c. amounts of the 8 serum dilutions, 
in order, beginning with the highest dilution (8), to the tubes containing antigen 
suspension. Mix ingredients by shaking for about 10 seconds. 

4. Shaking. — Shake the mixtures of scrum and antigen suspension by hand or 
in shaking apparatus for three minutes at 275 to 285 oscillations per minute. 

5. Addition of Saline. — Add 0.5 cx. salt solution to each tube and shake by 
hand for a fev? seconds to mix ingredients. 

6. Reading Results. — After the salt solution has been added, the results are read. 
Record a definite precipitate (+ + + +•+ + + or +•+-) as positive and a 
weak or negative precipitate (+, ±: or — ) as negative. 

7. Determination of Reacting {Kahn) Units. — If a serum gives a positive re- 

action only before dilution, it is considered as containing 4 units. Tiie potency of 
any serum is determined according to the formula S~4D, where S is the serum 
potency in terms of reacting units and D is the highest dilution ratio giving a 
positive reaction. ■ 

8. Highly Potent Sera. — If a serum gives a positive precipitation reaction with 
a dilution ratio of 60, examine still higher dilutions of scrum with antigen sus- 
pension until a positive reaction is no longer obtained. Higher dilutions may be 
readily prepared by resorting to dilution (3), of which an excess is prepared. 
Thus, continuing the dilution numbers of the above outline, we would have: 


Dilution Dilution 
Number Ratio 

(9) 7Q = 005 cx. of (3) plus 03 cx. salt solution 

(10) 80 = 005 c.c. of (3) plus 0.35 c.c. sale solution 

111) 90 = 005 cx. of (3) plus 0 4 cx. salt solution 

(12) 100 = 0 05 cx. of (3) plus 0.45 cc. salt solution 

If necessary, still higher dilution ratios may be prepared, until a negative reac- 
tion is obtained. 

The Presumptive Procedure. — The presumptive procedure is a one-tube test 
and is more sensitive than the regular Kahn test by virtue of the fact that it utilizes 
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a highly sensitive antigen known as “sensitized antigen.*’ As is true in the case 
of standard Kahn antigen, sensitized antigen also possesses a uniform degxec of 
sensitiveness. In preparing this antigen, standaxd antigen is used as a base and 
is brought to the required sensitiveness of sensitized antigen by means of sensitizing 
reagent in combination with cholesteiolized alcohol. Experience has shown that 
die addition of 1 to 25% sensitizing reagent to standard antigen followed by the 
addition of 10 oi 25% cholesterolized alcohol will considerably increase the sen- 
sitiveness of standaid antigen. This fact is generally utilized in the standardization 
of sensitized antigen. 

Preparation of Sensitized Antigen. — In preparing sensitized antigen using 
standaid antigen as a base, the following steps aie employed: 

1. To 10 c.c. of standard antigen aie added 0.1 c.c. of sensitizing reagent and 
1 c.c. cholesterolized alcohol (1% sensitizing reagent plus 10% dilution with 
cholesterolized alcohol). 

2. To a second 10 c.c. amount of standard antigen are added 0.2 c.c. of the 
sensitizing reagent and 1 c.c. cholesterolized alcohol (2% sensitizing reagent plus 
10% dilution with cholesterolized alcohol). 

Titration of Antigen. — These two modified antigens are titrated in the usual 
manner to detei mine the smallest amount of salt solution to add to 1 c.c. of antigen 
resulting in an antigen suspension, the aggiegates of which will completely disperse 
in additional salt solution or in nonsyphilitic serum. In making this titration, 
antigen suspensions are prepared by mixing 1 c.c. amounts of antigen with 1.7, 
1.9, 2.0, 2.1 and 2.2 c.c. quantities of salt solution, respectively. After these sus- 
pensions ha\ e stood for 30 minutes at room temperature, they are shaken and 
examined for the dispcrsabilitv of the aggregates as follows: Each of the antigen 
suspensions is tested by employing the regular 3-lube test except that after de- 
positing the 0.05. 0.025 and 0.0125 amounts of the suspension in 3 lubes, 0.15 c.c. 
amounts of physiological salt solution instead of serum are added to each tube. 
After the usual 3-minute shaking period, 1 c.c. salt solution is added to the tube 
containing the 0.05 c.c. amount of antigen suspension and 0.5 c.c. amounts of salt 
solution to the remaining lubes. The antigen suspension containing the smallest 
amount of salt solution and having aggregates which are completely dispersable in 
the additional salt solution, represents the liter of each of the modified antigens. 

Determination of Sensitiveness of Antigen. — 1. The 2 modified antigens 
at their liters are then compared in sensitiveness with a know'n standard sensitized 
antigen employing 9 'weakly positive sera and 1 negative serum. In these com- 
parative examinations the regular 3-lube test is employed. If one of the modified 
antigens is compaiable in sensitiveness to the sensitized antigen, the comparative 
examination is repeated with 20 additional weakly positive and 20 negative sera, 
and if the results are again comparable, the new' antigen is considered as standard 
sensitized antigen. 

2. If neither one of the 2 modified antigens conforms to the requirements of 
standard sensitized antigen, other combinations of sensitizing reagent and choles- 
terolized alcohol are tried. 
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When the correct sensitiveness has been obtained with the sample of antigen, 
any desired amount may be prepared, adhering to the proportions experimental!) 
established. The new antigen should then be compared with standard sensitized 
antigen, using at least 40 sera. If the comparison is favorable, the new antigen 
may be considered ready for use. 

After the desired potency of sensitized antigen has been obtained, any amount 
of the antigen can be prepared by adding to standard antigen the determined 
amounts of sensitizing reagent plus cholesterol ized alcohol. 

Per/ormance. — l. Pipet 1 c.c. of standard sensitized antigen into an antigen sus- 
pension vial. 

2. Pipet an amount of physiological salt solution, indicated by the titer, into a 
similar vial. 

3. Pour the salt solution into the antigen and, as rapidly as possible, pour the 
mixture back and forth 6 times. 

4. Allow the antigen suspension to stand 10 minutes at room temperature before 
using. 

5. Prepare antigen controls os with standard antigen. 

6. Measure 0.025 c.c. of tiie thoroughly mixed antigen suspension into a standard 
lube (7.5 centimeters in length, 1 centimeter in diameter) with a 0.25 c.c. pipet 
marked in 0.025 c.c. amounts or with a 0.2 c.c. pipet marked in 0.001 c.c., deliver- 
ing to the bottom of the tube. 

7. Add 0.15 c.c. serum, after heating for 30 minutes at 56° C., with a 1 ex. 
pipet graduated in 0.01 c.c. and mix the scrum with the antigen susj>ension by 
shaking the rack vigorously by band for about 10 seconds. 

8. Shake rack in the usual manner for 3 minutes (oscillation speed 275 to 285 
per minute) . 

9. Add 0.5 c.c. physiological salt solution to the tube and examine for presence 
of precipitates. 

10. The results arc interpreted on a qualitative basis. Marked precipitation re- 
actions — (— -j — (-) are interpreted as positive; moderate precipitation reactions 
(-p + +i ++) are interpreted as weakly positive, while very weak reactions 
(-f-, — ) are clashed as negatives. 

11. Prepare serum controls as in the standard lest. 

Value of Presumptive Procedure . — According to Kahn, the following are the 
most important purposes of this procedure: 

1. As a technical check on the regular Kahn test. All sera giving positive reac- 
tions in the regular test should be positive with the presumptive procedure. A 
positive Kahn and negative presumptive indicate an error in technic. 

2. As a check on weak Kahn reactions. A serum giving a doubtful (:£ ) Kahn 
reaction should give a positive presumptive reaction; if negative, the doubtful 
reaction is most likely due to particles present in the serum. 

3. As an aid in the diagnosis in certain cases of syphilis in which the regular 
Kahn lest Is negative. 

4. Due to its high sensitiveness, the presumptive procedure, when negative, is a 
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greater criterion for establishing absence of syphilis than the regular Kahn test. 

Standard (Diagnostic) Test with Spinal Fluid. — In this test, the greater part 
of the spinal fluid globulins is precipitated by means of ammonium sulphate and 
redissolved in an amount of phj siological salt solution equivalent to a tenth of the 
original spinal fluid volume. The concentrated globulin solution thus obtained is 
then tested with antigen suspension, 

1. Preparation of Concentrated Globulin Solution. — The reagents needed 
for the pieparation of concentrated globulin solution are: ( a ) spinal fluid, ( b ) 
physiological salt solution and (c) a solution of saturated ammonium sulphate. 
This salt must be of highest purity (Baker’s Analyzed or Merck’s Reagent) . 

Procedure. — (a) Centrifuge spinal fluid to render it free from cells and foreign 
particles. 

(b) Add 1.5 c.c. of the clear fluid to a standard Kahn test tube (7.5 by 1 cm.). 

( c ) To the same tube add 1.5 c.c. of a saturated solution of ammonium sulphate. 

( d ) Mix fluids, covering mouth of tube with thumb (piotected with rubber if 
desired) and shake tube back and forth vigorously. The thorough mixing of the 
spinal fluid and ammonium sulphate is of great importance. Place mixture in 
56° C. water bath for 15 minutes to hasten the precipitation of the globulins. 

(e) Centrifuge mixture at high speed for about 15 minutes to completely throw' 
down the precipitated globulins. 

(/) Remove the supernatant fluid as completely as possible. This is best accom- 
plished with the aid of a finely drawn capillary pipet. The major amount of super- 
natant fluid is first withdrawn. The tube is then slanted at an angle of about 45 
degrees and the remaining fluid is withdrawn after bringing the opening of the 
capillary pipet to the point of contact of the globulin precipitate and the inner 
wall of the tube. It mil be found that the last trace of supernatant fluid can be 
removed by this method. Some workers prefer to pour off the supernatant fluid 
and place the inverted tube in a rack haring a layer of filter paper on the bottom. 
It will be found that after about 10 minutes standing, the fluid in the tube will be 
completely drained and absorbed by the filler paper. 

(g) Add 0.15 c.c. salt solution to the precipitate and redissolve it by gentle 
shaking. In adding this salt solution the point of the pipet should be lowered close 
to the bottom of the tube to avoid washing down the ammonium sulphate adhering 
to the inner Avail. The globulin precipitate will dissolve readily. This globulin 
solution is now ready to be tested with antigen suspension. 

2. Preparation of Antigen Suspension. — Mix salt solution with antigen in 
the same manner as for the test with serum, according to the antigen titer required 
for spinal fluid. The antigen suspension should stand 10 minutes before its use 
in the test and should be used within 30 minutes. Control tests of the antigen sus- 
pension should be made, as outlined under “Performance of the Standard Test” 
for serum. 

3. Measuring of Antigen Suspension. — With a 0.2 c.c. pipet graduated 
to 0.001 c.c., measure 0.01 c.c. of antigen suspension to the bottom of a standard 
Kahn test tube. 
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i. Measuring of Concentrated Globulin Solution. — Measure 0.15 c.c. of 
concentrated solution into the antigen suspension tube, using a 0.2 c.c. pipe!. Shake 
tests vigorously for 10 seconds to mix ingredients. 

5. Controls. — -Include positive and negative spinal fluid controls; also observe 
each concentrated globulin solution to c s tabli«h that it is free from foreign particles. 

6. Shaking.— After mixing the concentrated fluid with antigen suspension, 
shake test at standard speed for 4 minutes. This period is more desirable for spinat 
fluids than 3 minutes. 

7. Addition of Salt Solution. — Add 0.5 c.c. physiological salt solution to tu\>e. 

8. Reading of Results. — A definite precipitate suspended in a clear medium 

is read — |- — |- — {— Proportionately weaker precipitates are read 

and -j- respectively. 

In practice the spinal fluid test herein described should be carried out in 
duplicate. 

Presumptive Test with Spinal Fluid.— This test is carried out essentially as 
the standard test with spinal fluid, except that sensitized antigen is used. 

Quantitative Test with Spinal Fluid. — Employing spinal fluids that are known 
to give positive reactions, a series of dilutions ore made similar to those of positive 
sera. The dilution range is from undiluted to 1:10. Undiluted spinal fluid is 
considered as equivalent to a 1:10 dilution, since the standard tc«t i9 performed 
with a solution in which the globulin is concentrated to one-tenth the original 
volume. In the performance of the test, 0.01 c.c. antigen suspension is mixed with 
0.15 c.c. of each of the spinal fluid dilutions. The mixtures are shaken for 3 
minutes, 0.5 c.c. salt solution is added to each tube and the results are read on a 
similar basis to the quantitative serum tests. 

Miscellaneous Tests. — Local Reaction. — -The Kahn test may be used in de- 
termining the serologic reactions of fluid obtained from chancres and other 
syphilitic lesions. After cleansing with physiological salt solution, and under 
moderate pressure, fluid from chancres and other lesions is collected by means of a 
fine capillary pipet. TI 113 is deposited at the bottom of a small agglutination tube 
and centrifuged to throw down cellular matter. The clear supernatant fluid is mixed 
with standard antigen suspension in the proportion of 10:1. If 0.03 c.c. of fluid is 
available, it is mixed with 0.003 c.c. of antigen suspension. The test is shaken for 
3 minutes and 0.2 c.c. salt solution added before reading the results. A definite 
precipitate is read positive, while freedom from precipitate is read negative. 

Aqueous Humor Reaction. — Fralich recently reported a series of Kahn reactions 
with aqueous humor. The fluid is treated similarly to spinal fluid by concentrating 
the globulins before performing the test. 

KLINE MICROSCOPIC TEST TOT. SYPHILIS* 

Sera. — These are prepared as for the Wnssermann test, care being exercised 
that they contain no red blood cells, or foreign particles. (They are heated at 
56° C. for 30 minutes.) 

* B. S. Kline, Am. Soc. Clin . Lab. Tech . 1934, 1:4. 
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When blood is obtainable in small quantity only it is advisable to collect this 
in a narrow test lube (about 8 to 9 mm.) and to handle it in the same manner 
as a laiger sample fiom the vein. 

When blood is obtainable in very small quantity only it is advisable to collect 
this in a narrow glass lube with a capillary end. The end is then sealed, a narrow 
lod is passed through the open end to fiee the clot fiom the wall and after the 
tube is centrifuged at high speed, it is placed in a water bath at 56° C. with 
water above the upper level of the serum. After inactivation, the tube is filed and 
broken just above the clot and the seium allowed to run into or is drawn into a 
1 c.c. pi pet, graduated in hundredths. 

Glassware. — Microscopic slides 2X3 inches as puichased aie rubbed on both 
sides with Bon Ami paste (prepared by breaking up a cake of Bon Ami in a small 
quantity of hot watei). As soon as the paste is dry (in about 5 minutes) it is 
completely removed from the slide with a soft muslin cloth. For convenience the 
slides covered with paste may be stuck to each other, allowed to dry, and cleaned 
at any time. 

Upon clean slides for the heated seium tests, 12 paraffin lings, each with an 
inside diameter of 14 mm. aie mounted. Inasmuch as the slide test lesulls are 
influenced by the suiface area of the chambers it is important that the paraffin rings 
be thin ones. With a little practice the required amount of paraffin can be ascer- 
tained. At first, it may be difficult to make complete rings. These incomplete rings 
may be completed by applying the loop a second time to the open areas. 

For the spinal fluid tests double ling slides aie piepaied as follows: Upon the 
clean slide a steel mold 3 2/16X2 3/16X% inches with 2 central walls 1 0/16 
inches in diameter is placed. A metal disk 1 5/16 inches in diameter and 3/16 of an 
inch thick is then placed in the center of earh well. The space between them is filled 
with hot wax (2 pails ordinary vaseline and 1 part pnrouax) from a 10 c.c. glass 
syringe. After the mixture cools a few minutes, each disk is elevated from the slide 
and separated fiom the wax wall by turning the cential screw handle a few times to 
the right (holding mold down at edge) . After the disk is freed, it is lifted out. The 
mold is removed by inserting a thin blade between it and the slide. 

Pipets. — The pipets needed for delivering sera, and spinal fluid, and those for 
preparing the antigen emulsions are the oi dinary finely graduated 0.2 to 10 c.c. 
pipets. The pipel for the 1 % acetic acid is a 0.2 c.c. pipet giaduated in 0.001 c.c. 
The pipets for deliveiing the antigen emulsions are Wright pipets made from glass 
tubing 6 to 10 mm. in diameter with the tubes about 0.5 mm. in outside diameter, 
delivering a drop equal to about 0.008 c.c. (62 drops per 0.5 c.c.). 

Instrument for Making Paraffin Rings. — This is essentially the insliument ■ 
proposed by Green. A piece of soft iron wiie (No. 28) is wound twice tightly about 
a lest tube (about 15 mm. in outside diameter) forming a double loop and leaving a 
double shaft about an inch in length. The two shafts are then twisted together to 
within a quarter of an inch of the free end. After removing the looped, wire from 
the test lube, a piece of linen thread (No. 12) is started fiom the free end of the 
shaft after being fastened heie by a single twist of the free ends. Three long turns 
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are made reaching the loop which is then tightly wound with the thread. The wind- 
ing is continued up the shaft to the free end where it is fastened between the two 
ends of the wire by twisting them. The loop i9 then bent at right angles to the shaft. 
It is then reshaped by working the loop against the bottom of the test tube men- 
tioned above. The shaft is then inserted into the handle of a leasing needle or into 
a straight hemostatic forceps. 

The paraffin rings are made by dipping the instrument into smoking paraffin 
(about 120® C.) draining quickly at one point and transferring the remainder to 
the glass slide. 

Slide Holders.— The slide holder (for 3X2 inch slides) is a wooden lid of a 
slide box (3 l /t*X6%X , 4 inches) containing an easily fitting thin wooden shelf 
having a small handle at each end. 

Salt Solution. — 0.05/1 sodium chloride (C.P. or reagent, Merck) solution used 
in the tests is prepared with distilled water hating a pH of about 6. (Such water 
gives a lilac color when one drop of chlorphenol red indicator (LaMotte) is added 
to 0.25 c.c. of it in a small chamber). Distilled water having n pH of 5.2 or less 
gives a yellow color with this indicator and is not satisfactory. 

1% Acetic Acid. (C.P. Reagent). — It is advisable to use no less than 1 c.c. 
of acid (delivered from a 1 or 2 c.c. pi pet) and accordingly 99 c.c. of distilled 
water. 

Antigen. 8 — The purified antigen used in the microscopic slide precipitation 
tests for syphilis is prepared as follows: 

1. Two-hundred grams of dried heart powder (Difco) is placed in a 2 liter 
Erlenmeyer flask. 

2. One liter of absolute ethyl alcohol (99 -j - fc) (Rossvilfe Commercial 
Alcohol Corp., Lawrenceville, Ind.) is added. 

3. After the flask is stoppered with a cork covered with tin foil, it is shaken 
vigorously by hand at intervals for 2 hours. Better still 2 wide mouth bottles (Difco 
bottles for 1 pound beef heart powder) each with 100 grams of beef heart powder 
and 500 c.c. of absolute ethyl alcohol (99 -J- %) are shaken vigorously in a machine 
for 2 hours. (This short extraction removes almost all of the desired antigenic 
substance in the powder.) 

4. The extract is filtered into a liter cylinder through good grade filter paper of 
medium texture (Schleicher and Schult No, 597,' 38.5 cm.) . 

5. During filtration the mixture is stirred with a wooden tongue depressor and 
toward the end pressed with the cork until the powder is quite dry. 

6. The extract (about 775 c.c.) is placed in the refrigerator at 8® to 10® C. for 
24 hours. 

During this time a fairly heavy white precipitate settles out. This is filtered off 

* Standard materials including antigen foe the microscopic slide precipitation tests for syplulis 
may he obtained from the LaMotte Chemical Products Company. McCormick Building, Bain 
more, Md. * 

Magath has described a machine for holding and tilting the slides and other apparatus 
U. Lob. & Clin M., 1932, 18.83). 
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and the filtrate in a large evaporating dish is concentrated on a water bathi at 
45° to 50° C. determined by a thermometer bulb within the extract. During evapora- 
tion of the alcoholic extract an irregular festoon appears at the periphery. When 
the extract leaches the propel concentration the festoon disappears and the margin 
of the concentrated exliacl is sharp. 

7. The extiact is now poured quickly into 500 c.c. of acetone, C.P. (Coleman 
and Bell) at 50° C. in a large evaporating dish. 

8. The dish is then placed in an air incubator at 37° C. for 15 minutes after 
which the acetone is decanted leaving a soft yellow brown wax adherent to the side 
of the dish. (Longer periods of precipitation and precipitation at lower tempera- 
tures peimit of piecipitation of adventitious substances as well and such antigens 
give moie sensitive and less specific lesults. 

9. The dish is then placed on a water bath or in an air incubator at 50° C. until 
the little acetone remaining has evaporated (about 30 minutes). 

10. The wax is then worked together and placed in a glass-stoppered bottle. Then 
80 c.c. of absolute ethyl alcohol (99 -f- %) that has been kept in an air incubator 
at 50° to 56° C. for one-half hour or longer, is added and after a few minutes’ 
shaking the bottle is placed in an air incubator at 50° C. and shaken gently after 15 
minutes and again after 30 minutes, when it is removed from the incubator and 
placed in the refrigerator at 8° to 10° C. for 45 minutes. 

11. The solution is then filtered and the filtrate is evaporated down at 45° to 
50° C. resulting in a soft brown wax (antigen wax) . The wax is weighed and to 
each gram in a glass-stoppered bottle. 10 c.c. of absolute ethyl alcohol (99 -f- %) 
(al 50° to 56° C.) is added. After the bottle is shaken for a few minutes it is placed 
in an air incubator at 50° for 30 minutes, and then shaken a few minutes. 

12. The slightly turbid solution is then placed at 8° to 10° C. for about an hour 
and then filtered. The resultant clear filtrate is the antigen, and contains about 
8.75% of the alcohol-treated acetone-insoluble wax. 

The average yield of antigen wax from )/> pound of beef heart powder is 3.5 to 
4 grams. The discarded acetone-soluble lipoidal residue (impurities) ordinarily 
weighs at least 3 times this amount. 

The antigen keeps best at room temperatuie hermetically sealed in glass con- 
tainers. In small-necked glass-stoppered bottles (opened from time to time) kept 
at room temperature it shorvs no appreciable change in specificity or sensitivity for 
at least 6 months. (As staled above it is important to follow the steps outlined in 
minute detail. Too long a precipitation in acetone, precipitation at too low a tem- 
perature and use of improper chemicals for instance result in Avaxes which contain 
some impurities that determine a sensitivity greater than standard.) 

Preparation of Antigen Emulsions for Diagnostic and Exclusion Slide 
Tests of Heated Serum. — Formula. — 0.85 c.c. of distilled water (pH about 6). 

1.0 c.c. 1% cholesterin (C.P. Pfanstiehl) in absolute ethyl alcohol (99 -j- %). 

0.1 c.c. antigen. 

2.45 c.c. 0.85% sodium chloride (C.P. or reagent, Merck) solution (pH about 6). 

The 1% cholesterin solution for the emulsions is prepared in about 45 minutes 
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by placing the cholesterin flakes and absolute alcohol in a glass-stoppered bottle in 
an oven at SO® to 56° C. and shaking gently a few minutes at 15-minute intervals. 
The solution kept in the incubator at 37® C. is thoroughly satisfactory for use as 
long as 2 months. 

The sensitivity of an emulsion is greatly influenced by the quantity of cholesterin 
present. The sensitivity is likewise influenced by the quality of the cholesterin used. 
The cholesterin (Pfansliehl, C.P.) that lias been found uniformly satisfactory in the 
slide tests is flaky, pearly and readily soluble to 1 % in absolute ethyl alcohol 
(99 + %). Powdery, white cholesterin incompletely soluble to 1 % in absolute 
alcohol (99 + %) has been found to give too sensitive results. 

The technic of preparing the emulsion according to the above formula is 03 
follows: Into a 1 ounce bottle the required amount of distilled water (pH about 6 ) 
is pipetted. 

The bottle is held at an angle, and the 1% cholesterin in absolute ethyl alcohol 
(99 + %) is allowed to run along the side of the neck of the bottle. 

The bottle is gently rotated from the neck for 20 seconds. 

It is held at an angle again, and the proper amount of antigen is pipetted against 
the side of the neck of the bottle from a finely graduated pipet. 

The bottle is promptly stoppered with a cork and shaken vigorously (the fluid 
thrown from bottle to cork and back) for 1 minute. 

Lastly, the 0.85% sodium chloride solution is allowed to run in quite rapidly, 
the bottle is stoppered again and shaken less vigorously than previously for 1 
minute. 

The emulsion, when examined under the microscope at a magnification of about 
120 times, shows numerous very fine particles, but no clumps whatever. 

For Diagnostic Test " For Exclusion Test 

Place 1 c.c. or more of the emulsion Place 2 c.c. or the emulrion in a nar- 
in a narrow test tube (12 mm. inside row test tube (12 mm. inside diameter) 
diameter) in a water bath at 35° C. in a water bath at 56° C. for 15 minutes, 
(beaker of water in usual laboratory air Then pour into a 3X1 inch tube and 
incubator at about 37° C.) for 15 centrifuge for 15 minutes (eighth setting 
minutes. The emulsion as soon as heated Rheostat, Centrifuge Size 1, Type SB), 
is ready for use. Decant the fluid and, with the tube in- 

verted, dry the inside of the tube with a 
cloth almost to the level of the sediment. 
To the sediment add 1.5 c.c. of 0.85% 
sodium chloride solution. Transfer to a 
narrow tube for use. 

These emulsions, kept at room temperature, are satisfactory for use for fort)- 
eight hours alter preparation. 

Diagnostic and Exclusion Microscopic Slide Precipitation Tests for 
Syphilis with Heated Serum. — I. Place 3 heated serum test slides each with 
12 small chambers, on a tray in a small holder. 



/ ■ ' r . Methods for precipitation tests - ; i • . mi 

into each of the 36 rings, pipet 0.05 c.c. of the heated serum to ■■ be tested 
:ra in duplicate) ; . . , ’ . . *. ■ ‘ - t \ ' 

After all - the sera are pipetted, 1 drop of the diagnostic test antigen emulsion 
t 0.008 c.c.) is allowed to fall from a Wright pipet into one of the two pof- 
bf each; serum. Into each of the other 18 duplicate sera a similar drop of 
lion test antigen emulsion is allowed to fall from a Wright pipet. , . 



Fig. 342. — The Kline Microscopic Precipitation Reaction. 


negative Teaciion; B, positive ( + ) ; C, positive (++); D, positive, (H — | — H) ; E; 
ve (+ +++). 


The slides in the holder are rotated on a flat surface for 4 minutes. ’ 

The results are examined at once through the microscope, at, a magnification of 
t 120 times (low power 16 mm. objective, eyepiece 12) with the light cut 
i as for the study of urinary, sediments and reported in terms of pluses . 
rding to the degree of clumping and the size of the clumps (Fig. 312). - 

ly spilling from the chamber makes the reaction therein unsatisfactory, arid • ; ' ; '' 

erum concerned should be retested. /, ' \ ; 

sufficient serum is available the exclusion test for sypliilis.may be done with • ' V, 
.c. heated serum in a chamber, similar to that employed for- the spinal fluid test : 
mm. in diameter) and one drop about 0.008 c.c. of eriiulsion made by i . ’ ' 
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suspending ihe sediment of 8 ex. of exclusion test emulsion (centrifuged 15 
minutes at 8th rheostat setting) in 1 c.c. of 0.85% salt solution. 

Preparation of Antigen Emulsions for Diagnostic and Exclusion Slide 
Tests of Spinal Fluid.- — Formula. — 0.85 c.c. distilled water (pH about 6). 

1.25 c.c. of 1% cholesterin (Pfanstiehl C.P.) in absolute ethyl alcohol 

( 99 +%)- 

0.1 c.c. antigen. 

2.2 c.c. of 0.85% sodium chloride (C.P. or reagent, Merck) solution 
(pH about 6). 

8.8 c.c. of the emulsion are made by using double the quantities given in the 
formula. 


For Diagnostic Test 
Place 4 c.c. of the emulsion in a nar- 
row test tube (12 mm. inside diameter) 
in a water bath nt 35° C. for 15 minutes. 
Then pour into a 3Xl inch tube. Cen- 
trifuge for 15 minutes (eighth setting 
Rheostat, size 1, S.B.). Decant the fluid 
and, with the tube inverted, dry the in- 
side of the tube with a cloth almost to 
the level of the sediment. To the sedi- 
ment add 1 c.c. of 0.85% sodium chlo- 
ride solution (pH about 6). 

Transfer to a narrow test tube for use. 


For Exclusion Test 
Place 4 c.c. of the emulsion in a nar- 
row test tube (12 mm. inside diameter) 
in a water bath at SO" C. for 15 minutes. 
Then pour into a 3X1 inch tube. Cen- 
trifuge for fifteen minutes (eighth setting 
Rheostat, size 1, S.B.). Decant the fluid 
and, with the tube inverted, dry the in- 
side of the tube with a cloth almost to 
the level of the sediment. To the sedi- 
ment add 1 c.c. of 0.85% sodium chlo- 
ride solution (pH about 6). 

Transfer to a narrow test tube for use. 


These emulsions, kept at room temperature, are satisfactory for use for 21 hours. 

Diagnostic and Exclusion Microscopic Blide Precipitation Tests for 
Syphilis with Spinal Fluid . — Preliminary Procedures . — Spinal fluids, turbid 
with exudate, blood or bacteria, or containing injected substances including horse 
serum, are unsatisfactory for testing. Spinal fluids with slight turbidity or few 
particles are centrifuged at high speed for 10 minutes, and the clear fluid is with- 
drawn or decanted. 

Place the required number of test tubes, 6X% inches, each containing 5 c.c. of 
Benedict’s solution (1909-1910), in a beaker (Pyrex). Add water halfway to the 
top. Heat. Keep the tubes in vigorously boiling water for 5 minutes. 

Place the tubes in a rack. After making certain that no copper reduction has 
occurred in any of the tubes, add to each tube, properly numbered, 0.5 c.c. of 
spinal fluid. Shake each tube vigorously for 10 seconds. 

Replace the tubes in the beaker. Add water halfway to the top. Heat. Keep the 
tubes in vigorously boiling water for 5 minutes. 

Replace the tubes in the rack, inspecting each immediately after removal from the 
beaker, for precipitate indicating presence of sugar. 

Spinal fluids giving a negative reaction for sugar in the above test are unsatis- 
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factory for testing for syphilis. These are fluids that have been acted upon by 
bacteria either inside or outside of the body. In the former case (bacterial 
meningitis) in which organisms afid ferments of the exudate have acted upon the 
sugar, the fluids may contain substances that give positive or unsatisfactory re- 
actions in various tests for syphilis. BacLerial contamination subsequent to with- 
drawal of spinal fluids from cases of syphilis causes a steady loss both of sugar 
and of the specific reacting substance, if the fluids are kept at room temperature. 

On the other hand, if spinal fluids containing sugar, when withdrawn from the 
body are kept at low temperature (8° to 10° C.), they continue to give a positive 
reaction for sugar with the test described above for several weeks, and syphilitic 
spinal fluids under these conditions show no appreciable loss of specific reacting 
substance for at least a w r eek. 

The clear and cleared spinal fluids which give a positive reaction in the sugar test 
described above are then tested as follow’s: 

1. Into each of 12 chambers (33 mm. in diameter) on 6 glass slides (in a holder 
tilted slightly by placing a small metal bar Yg inch thick under one long slide) 
deliver 0.05 c.c. of 1% glacial acetic acid solution from a 0.2 c.c. pipet graduated 
in thousandths. (It is of the utmost importance that the 1% acetic acid be carefully 
prepared since this reagent in stronger concentration will precipitate the emulsion.) 

2. Into each chamber allow 0.25 c.c. of the spinal fluid to be tested (6 spinal 
fluids in duplicate) to fall from a 1 c.c. pipet graduated in hundredths. Hold the 
pipet directly above the acid and lastly touch the tip of the pipet at some dry 
portion of the chamber. 

3. Rotate the slides in the holder on a flat surface with moderate vigor for I 
minute. 

4. Into one-half of the chambers allow one drop (about 0.008 c.c.) of diagnostic 

antigen emulsion to fall from a Wright, pipet. ' 

5. Into each of the duplicate spinal fluids 1 drop (about 0.008 c.c. of exclusion 
antigen emulsion) is allowed to fall from a Wright pipet. 

6. Rotate the slides in the holder on a flat surface with moderate vigor for 1 
minute to distribute the antigen and then for 4 minutes move the holder gently but 
rapidly (about three complete movements a second) back and forth a distance 
of 14 to inch. 

7. The results are examined at once through the microscope at a magnification 
of about 120 times (objective 16 mm. eyepiece 12) with the light cut down as fer 
the study of urinary sediments and recorded in terms of pluses according to the 
degree of clumping and the size of the clumps. For ease in reading the results, 
the slide is tilted on a piece of metal Ys inch thick, Vo inch v r ide, and 4 inches long, 
placed on the stage. 

Readings , — The results are read at once through the microscope at a magnifica- 
tion of about 120 times (low power 16 mm. objective,' eyepiece 12) with the 
light cut down as for the study of urinary sediments. The results are reported 
according to the degree of clumping and trie size of the clumps, (Fig. 287) as -j — }- 
( strongly positive), -j- (positive), dr (doubtful ) , and — (negative). 


>&■**** * 
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- EAGLE TEST TOR SYPHILIS « 

Preparation of Antigen.— Fifty grams of dried powdered beef heart (Difco) 
are extracted for 15 minutes at 30° to 37® C. with 250 c.c. anesthesia ether, with 
frequent shaking. The mixture is filtered with suction, the ether extract is discarded, 
and the powder is similarly extracted with a second portion of fresh ether (250 cC.). 
This is repeated for a total of four extractions. AH the ether extracts are discarded. 
The beef heart powder is then washed on the filler with 100 c.c. fresh ether, thor- 
oughly dried, and extracted with 250 c.c. of absolute ethyl alcohol for 3 to 5 days 
at 20° to 37° C- At the end of this time, the alcohol mixture is filtered, and the 
moist powder is washed with small portions of fresh absolute alcohol until the 
combined alcoholic extract and washings measure 250 c.c. 

For use in the flocculation reaction, this basic extract is fortified with 0.6% each 
of cholesterol and corn germ sterol (6 mgs. of each sterol per c.c. antigen). The 
required amount of sterols are added to a measured volume of antigen, and dis- 
solved by boiling in a water bath at 65® to 85® C. The antigen is then stored at 
room temperature, and remains serviceable for at least 2 years. 

Preparation of Antigen Dilation.-—' The clear antigen (containing 06% each 
of cholesterol and com germ sterol) is diluted by rapidly blowing 1.3 volume of 
4% NaCl solution into 1 volume of antigen. It is essential that the salt solution 
and antigen be rapidly and completely mixed. If kept in the ice-box, this dilution 
remains serviceable for at least 7 days. Because its sensitivity gradually increases 
during the first 48 hours, the recommended procedure is to prepare the dilution in 
advance, and allow it to age in the icc-box for at least 24 hours before use. 

The Serum Test. — The serum to be tested is inactivated for 20 minutes at 
56® C., and 1/15 its volume of the antigen dilution added. Although the test can be 
carried out with 0.3 c.c. of serum and 0.02 c.c. of antigen dilution, it is moTe con- 
venient to use twice these quantities (0.6 c.c. serum and 0.04 c.c. antigen dilution). 
The turbid mixture is then shaken for 2 minutes. The incubation period can be 
adjusted at will to suit the circumstances. 

'If a rapid reading is necessary, as lor an emergency transfusion, the tube is 
incubated for one-half hour at 56° C. Otherwise, it is incubated at 37® C. for 
4 to 8 hours. After incubation, the tube is centrifuged at approximately 1500 r.p.m. 
for 10 to 15 minutes. Three volumes of salt solution (0.85% NaCl) are then 
added, te, 3 limes ibe volume o! serum used; sad the results of the test are read. 

In a negative reaction the tube is seen to be homogeneous and diffusely opalescent. 
On shaking one sees a swirl of tiny refractile crystals, not visible if the tube is at 
rest. In a few sera, a little sediment may be deposited on the bottom of the tube, 
particularly if it was centrifuged at too high speed. This sediment, however, is not 
coherent and completely redisperses on mild agitation. In a positive reaction, the 
crystals clump to form coherent coarse white floccules floating in a clear and 
transparent fluid. There is a sharp contrast between the water-clear fluid and coarse 

*/• Lab. & Clin. Jt/-, 1932, 17:769; “The Laboratory Diagnosis of Syphilis," C. V. Mosby 
Company, 1936. 
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floccules of the positive test, and the homogeneous opalescence of the negative test. 

One occasionally encounters -weak positives, particularly in patients under anti- 
syphilitic treatment. Usually, aggregation in such Cases is definite; but even when 
there is only a slight granular appearance, not sufficiently marked’ to justify an 
immediate reading of positive, a second centrifugation usually enables one to 
evaluate the results in terms of positive or negative. If aggregates are really 
present, they are thrown down in the salt: serum mixture to form a coherent 
floccule at the bottom of the tube, covered by a clear supernatant fluid,, and the 
result is positive. If no aggregates are piesent the crystals remain discrete and are 
not thrown down: the tube remains homogeneous and opalescent. If the results 
cannot he read as definitely positive or definitely negative even after the second 
centrifugation, the report is doubtful. A slight sediment of discrete crystals which 
redisperse on slight agitation is ignored. 

Although tlie macroscopic reading is more satisfactory, it is possible to read the 
results by microscopic examination. Ia a negative test one sees myriads of tiny 
crystals which do not coheie even though they are in immediate contact. In a 
positive test these crystals are clumped in much the same manner that red cells 
are clumped by an agglutinating serum, leaving clear spaces between the aggregates. 

Reports are made as positive, doubtful and negative. 

The Spinal Fluid Test. — To 2 c.c. of fresh fluid are added 0.02 c.c. of the 
antigen suspension. It is to he noted that the fluid-antigen ratio (100:1) is much 
larger than the conesponding latio in the case of the serum (15:1). The test is 
incubated for 4 hours at 37° C., centrifuged for 10 minutes (no salt solution is to 
be added), and the results read. In a negative lesult, the fluid is diffusely opales- 
cent; in a positive result, the fluid is water-clear, and there is a tightly packed 
lipoid-reagin aggregate at the bottom of the tube. In a doubtful result, there is only 
partial aggregation and sedimentation of the crystalline particles of the antigen 
suspension. r 

HINTON TEST POE, SYPHILIS (THIRD MODIFICATION) 7 

This lest requires precision in execution because consistent and accurate results 
cannot be obtained if minor variations in technic are allowed to creep into the 
routine. 

Equipment. — 1. Test-tube racks. To simplify numbering and pipetting sera, 
these Tacks should be constructed to hold 10 or 20 lubes in a row. 

2. Serum tubes 100 mm. long with an approximately uniform inside diameter 

of 10 mm. i 

3. A water bath for inactivating sera. 

4. A Wassermann bath or a baeteriologic incubator. The former is preferred, 
because by its use the test is from 3 to 5% more sensitive. The water in the bath 
should be changed frequently to prevent a deposit from sticking to, the outside of 
the tubes. 

5. A centrifuge with a speed of over 2000 revolutions per minute. 

7 W. A. Hinton, Syphilis and Ils Treatment, Macmillan, New York. 
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6. A thermometer that registers the maximum and minimum temperatures. 

7. Graduated 100 c.c. and 250 c.c. cylinders for measurng the reagents. 

8. Dropping pipets with rubber bulbs of about 5 c.c. capacity, for drawing off 

sera. > 

9. Serologic pipets of 1.0 c.c. capacity, graduated in tenths to the tip, for 
measuring the serums, and 5 c.c. or 10 c.c. serologic pipets for measuring the 
reagents. 

10. Thick-walled Erlenme)er flasks of 125 or 250 c.c. capacity, with an inverted 
V-shaped ridge blown in the bottom (Fig. 313), for mixing glycerinated indicator. 

This ridge should produce two semicircular 
compartments, each of which should hold 
from 3 to 5 c.c. in flasks with a capacity of 
125 or 250 c.c. (Flasks of this type are not 
listed in any of the catalogues. They may be 
• obtained from Macalaster Bicknell Company 
of Boston, Massachusetts.) 

Cholesterinized Heart Extract. — Extract 
dried, ground, beef-heart muscle (Bacto-Beef 
Heart, Dehydrated, Difco Laboratories) by 
putting 100 gins, of the powder and 400 c.c. 
of ether (anesthesia) in a wide-mouthed, 
glass-stoppered bottle and shaking thoroughly 
by hand for 10 minutes. Allow' the bottle to 
stand 5 to 10 minutes so that the solid ma- 
terial may settle out. Then pour as much of 
the ether as possible through filter paper into 
an Erlcnme>er flask, without pouring out an) 
large quantity of the solid material- Scrape 
the solid material from the filler paper into 
the bottle for further extractions. Do not al- 
low the main portion of extracted tissue to 
dry between extractions. Discard the filtrate 
in the Erlenmejer flask. Make a total of 5 separate extractions using 400 c.c. of 
fresh ether and a new filter paper for each. After the final extraction, let the resi- 
due dry on the filter paper. Obtain the net weight of this dried residue of ether- 
insoluble constituents. Place in a glass-sloppered bottle with 95 /' ethyl alcohol 
In the proportion of 5 c c. of the alcohol to each gram of residue. Extract for 3 days 
at room temperature (17° to 20° C.), shaking the contents of the bottle vigorously 
by hand for 5 minutes 3 times each day. Remove the tissue by filtering into a 
graduated c)hnder; measure the alcoholic extract, and transfer to a glass-stoppered 
bottle. Add cholesterol in the proportion of 0.4 gm. to each 100 c.c., and warm at 
37® C. in an incubator or water bath, occasionally shaking, until the cholesterol 
has dissolved. 

The indicator should not be stored in a refrigerator, for chilling will precipitate 



Fig. 3?3. — SrccUL Flask tor Diluting 
Antigen for the Hinton Test 
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the cholesterol;. if, by inadvertent chilling, the cholesterol should precipitate, it must '• 
he redissolved in .’the same manner as that just described. Cholesterinized heart 
extracts kept in colorless, glass-stoppered bottles at room temperature, for a period 
of rnore than 2 years have given as good results , as those freshly prepared. Samples . \.y 
of- cholesterol obtained from Merck .and from 1 the Difco Laboratories were equally , 
satisfactory. All of the many, cholesterinized heart extracts prepared in accordance 
with these directions have given almost identical results. / . , , ' . . . 

Five. Per Cent Salt Solution.— Prepare a 5% solution of. sodium chloride ; : 

(G.P.) in .sterile distilled water, and add 1.0 gm. of. salicylic acid (G.P.) to each 
4500 c.c; ■ . , • ■ r'-.'-J/ 

.'The salicylic acid helps to preserve the potency of glycerinated indicator 
( described later) . - ■' .. -s.v 

Fifty Per Cent Solution of Glycerol. — Prepare by mixing equal, volumes of 
Baker and Adamson’s Glycerin (Reagent) and sterile distilled, water. ,, . 

The 5 % salt solution and the 50% glycerol solution keep indefinitely, . . . 

Preparation of Glycerinated Indicator. — This requires strict adherence to the 
directions for mixing. Thirty cubic centimeters is the smallest and 150 c.c. the 
largest amount that can he satisfactorily prepared at one time. If larger quantities ; 
are required, two or more batches should be pooled. Il will, remain unimpaired in 
strength one month and sometimes longer if kept in a refrigerator at a temperature - 
of about 8° C. . 

The glycerinated indicator is prepared as follows: Pipet one part’ of, the 
cholesterinized heart extract into one compartment of the Erlenmeyer flask (with 
the inverted V-shaped ridge), and 0.8 part of the 5% salt solution into the other. 

Great care should he used to avoid admixture of the two solutions when the salt 
solution is pipetted into the flask. A 125 c.c. flask is suitable for the preparation 
of 30 to 60 c.c. of glycerinated indicator, and a 250 c.c. flask for 90 to 150 c.c. 

Mix by shaking the flask very rapidly’ from side to side for 1 minute. Let the 
mixture stand exactly 5 minutes. Without further delay add 13.2 parts of the 5%, . 
salt solution and shake thoroughly. Finally, add 15 parts of the 50% glycerol 
solution and shake until the suspension is homogeneous. 

Procedure. — 1. Centrifuge the blood, if necessary, to aid in separating the 
serum from its clot, and with a long, dropping pipet remove the serum (free from 
■blood cells) and deliver into an appropriately labeled serum tube. 

To avoid contamination' of one serum by. another, after each has been drawn off, 
the dropping pipet should he thoroughly rinsed at least 3 times with , sterilized 
physiologic salt solution: and to minimize, bacterial contamination, .after every 2Q 
sera have , been drawn off, the .washing, bottle (about 200. c.c. , capacity) should 
be emptied and filled with fresh salt solution. / > . . - 

2. Heal the sera in the. inactivating bath at.55° C. . for. 30 minutes. Be sure that / 
the level of the water in the bath is above the level of every serum and that the 
temperature is kept at 55° C. or 56° C. throughout the period of inactivation. 
Errors may result if this varies even one or two degrees. Sera should be inactivated 
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the day of testing. If it is necessary to retest a specimen, use scrum freshly 
separated front the clot. 

3. Select all serums that show (a) hemolysis, as manifested by redness greater 
than that produced by dissolving 0,1 cx. of blood in 3.0 c.c. of distilled water; 
(6) bacterial contamination, as shown by cloudiness; or (c) marked opacity from 
other causes. Place in a separate rack and test, as soon as conveniently possible, 
according to the quick method (page 000). This is done to avoid further deteriora- 
tion, which decreases the sensitiveness of the test and makes it harder to read. 

4. Set up the racks with one properly numbered serum tube for each of the 
remaining specimens. Tubes should be clear and clean. To clean the tubes, rinse 
them thoroughly, as soon after use os possible, with tap water, and then fill each 
with a warm solution of 5 gras, of sodium hydroxide in 1000 c.c. of tap water; 
allow them to stay in this solution for about 2 hours and wash thoroughly with 
hot water to remove the alkali. This process usually removes (without the aid of a 
test-tube brush) any deposit which may have remained from previous use. 

5. With a 1.0 c.c. pipet, measure 0.5 c.c. of each heated serum into the tube that 
ha9 been labeled for it. Use a separate pipet for each serum. 

For routine purposes one tube for each test is sufficient. If, however, this test is 
negative and there is reason to suspect syphilis it is desirable to retest the specimen 
using 0.1 c.c. in one tube and 0.5 c.c. in the other. In approximately one syphilitic 
out of 200, the tube containing the 0.1 c.c. of serum gives a positive reaction, white 
the one which contains the 0.5 cx. of serum gives a negative reaction. 

Positive and negative controls should be used if only a few tests are to be made 
at one time. 

0. Compare the appearance of each of the pipeted scrums with that in the tube 
from which it was taken. This is to make sure that there has been no error in 
pipetting or in labeling the tubes. 

7. Not more than 30 minutes before incubation, with a clean 10 cx. pipet, odd 
0.5 c.c. of the glycerinated indicator to each serum. 

8. Pipet 0.5 c.c. of the same indicator and 0.5 c.c. of the 5% salt solution into 
on empty serum tube. This serves os a control, the use of which will be indicated 
later. 

9. Incline the rack to an angle of about 45 degrees and then shake by thrusting * 
it quickly upward and forward, then downward and backward with sufficient speed 
to cause the fluid to travel halfway up the tubes and make small bubbles. At least 
3 minutes of shaking are required for accurate results. If there are enough tests a 
shaking machine is desirable. 

10. Place the rack in the Wassermann bath or incubator at 37® C. and let it re- 
main foi 16 hours (conveniently from 5 P.M. to 9 A.Bf.) , or in the incubator for 18 
hours. Longer incubation makes the tests increasingly hard to read. Do not agitate 
the contents of the tubes before reading. 

When the racks containing the tests are removed from the bath or incubator, 
record the readings shown by the bath or incubator thermometer as well as those 
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of the maximum and minimum thermometer. For dependable results the tempera- 
ture should not fall below 34° C. nor rise above 39° C. 

Reading the Tests. — The tests are easier to read within an hour after the 
incubation than later. To read them, sit in front of a window, but do not face the 
sunlight. The light must be good, and for this reason suitable artificial light 
must be provided on daik days or at night. In order to determine whether or not 
theie is clearing of the fluid and a ring or band of white flakes or white coarse 
gianules at the meniscus, lift each tube ca 2 efully from the rack, hold it at the level 
of the eye, slant it at an angle of about 45 degrees, and view it in the direction 
of a darkened background on either side of a window or of a suitably placed light. 
While still viewing it at the same angle, slowly rotate the tube by rolling it between 
the fingers; this will make even a faint ring visible. Finally, gently shake the tube 
and look for a precipitate which may manfest itself by agglutinated masses or by 
only very faint granularity. 

The reactions are read and reported as positive (without indicating the intensity 
of the reaction), negative, doubtful and unsatisfactory. 

The simplicity of this method of reporting has the advantage of not confusing 
physicians by implying that the test is in any way a quantitative reaction, for the 
intensity of the reaction actually bears no relation to the clinical condition of 
the patient. 

Positive Tests (Recorded -j- ) . — At or a little above the level of the meniscus 
there is a ring or band, approximately 0.2 to 1.5 mm. wide, of white coarse granules 
or flakes of lipoids slightly to moderately, but not strongly adherent to the wall 
of the tube. The gentle shaking loosens the ring or band and scatters the particles 
so that they are visible as agglutinated masses in a clear fluid or as somewhat 
coarse granules in a cloudy fluid. 

Negative Tests ( Recorded — ). — There is at most only slight clearing, but no 
ring, band or precipitate. 

Doubtful Tests (Recorded dr). — Centrifuge for 10 minutes at high speed (about 
2000 revolutions a minute) (1) those tubes which on gentle shaking showed only 
slight granularity beyond that observed in the control tube (containing 0.5 c.c. of 
indicator and 0.5 c.c. of the 5% salt solution, and (2) those tubes which showed 
only a slightly flakey or slightly granular ring. If, as a result of the centrifuging, 
there is definite clearing, and on top a thin layer of lipoids which on shaking 
breaks up into fine flakes or coarse granules, the test is reported as doubtful and 
recorded dr ; if these changes have not taken place, it is reported as negative. 

Quick Method . — Treat the tests selected under No. 3 as indicated under 1 direc- 
tions 4, 5 and 6. Then add 0.5 c.c. of the glycerinated indicator to each, and shake 
according to direction 9; next, centrifuge at 1500 to 2000 revolutions a minute for 
ten minutes, read, and record as follows: 

The test is positive (recorded -{-) if there are plainly visible flakes at the top 
of the fluid, and a well-marked precipitate is seen on shaking. Hemolyzed and bac- 
terially contaminated specimens are recorded and reported as unsatisfactory unless 
the reaction is strongly positive. This interpretation is necessary because even the 
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moderately hemoljzed or bacterially contaminated scrum of a known syphilitic 
usually gives a negative reaction. In the absence of hemolysis or bacterial con- 
tamination the test is negative (recorded — ) i( the centrifuging has caused no 
change. 

Whenever there is immediate need for a report, this quick method may be used 
for it will detect about 80% of the positive reactions obtainable by the regular 
test. Tubes that show only a very fine precipitate or no precipitate at all after the 
centrifuging should be well shaken and placed in the water bath for 16 hours, or 
in the incubator for 18 hours, after which the reading and interpretation are madr 
as if the tests had been conducted in the routine manner. 

THE PRECIPITATION TEST FOE THE IDENTIFICATION 
AND DIFFERENTIATION OF BLOOD STAINS AND OTHER PROTEINS 

These tests are usually required for medicolegal purposes and especially for the 
identification of human blood. 

Preparation of Immune Scrum. — 1. Immunize several rabbits by intravenous 
injections of human serum at 3-day intervals in the following amounts: 1, 2, 3, 4, 8, 
and 10 c.c. or inject at 5-day intervals in the following amounts: 2 doses of 8 c.c. 
each, two of 5 c.c., and two of 3 c.c. To prevent anaphylactic shock the rabbits 
may be desensitized by injecting 0.2 c.c. of the serum one-half hour before injection 
of each of the lster doses. Ten days after the last dose remove a small amount of 
blood from an ear vein and test the serum for precipitin by placing 0.2 c.c. in a 
small test tube and carefully overlaying with 1 c.c. of a 1 : 1000 dilution of 
human serum. If a ring of precipitation occurs in a few minutes the fasting animal 
may be bled from the heart aseptically in sterile centrifuge tubes. After clotting 
has occurred, gently separate the clot and centrifuge to remove all corpuscles. 
Transfer the serum to sterile containers and to each 19 c.c. add 1 c.c. of 1:500 
metaphen solution for preservation. For use the serum must be crystal clear and 
this may require centrifugalization or filtration. 

If the preliminary test is negative give the animal three additional doses of 
serum intraperitoneally in the following amounts: 10, 15 and 20 c.c. Test again 
10 days after the last dose. ' 

For medicolegal work it is advisable to prepare similar precipitins for the sera 
of the commoner domestic animals as the hog, sheep, beef, chicken, dog, cat, etc. 

Preparation of Unknown MateriaL— Prepare a solution of the stain or other ^ 
material in normal saline solution. Apply a test for blood like the benzidine, hemin 
crystal or other procedure. The extract should be approximately 1 :1000 and fulfill 
the following requirements: (a) crystal clear and almost colorless; ( b ) contain 
only a very small amount of protein when tested by the heat and acetic acid or 
nitric acid ring tests; (c) foam freely on shaking; (<f) be neither strongly acid 
nor strongly alkaline to litmus paper. 

If the solution of stain was from a piece of cloth, leather, ‘or other material 
prepare a similar extract of an unstained portion as a control. Of course, it may 
not contain protein. 
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Method. — 1. Arrange 7 small test tubes or preferably pointed capillary tubes 
of about 3 mm. inside diameter and charge them as follows: 

No. 1. — 0.2 c.c. immune serum overlayed with 1 c.c. of unknown extract. 

No. 2. — 0.2 c.c. normal rabbit serum oveilayed with 1 c.c. of unknown extract 
{negative control). 

No. 3. — 0.2 c.c. of immune serum overlayed with 1 c.c. of a 1:1000 solution 
of sheep or other serum different from that suspected in the stain of 
unknown material (negative control) . 

No. 4. — 0.2 c.c. immune serum overlayed with 1 c.c. of 1 : 1000 dilution of 
human serum (positive control). 

No. 5. — 0.2 c.c. immune serum overlayed with 1 c.c. of control extract if one 
has been prepared of unstained cloth, leather, etc. (control). 

No. 6. — 0.2 c.c. immune serum plus 1 c.c. of normal saline solution ( control ) . 

No. 7. — 0.2 c.c. saline solution plus 1 c.c. of extract (control). 

2. Allow to stand at room temperature for 5 to 15 minutes and examine. 

3. White rings of precipitation at the lines of contact in tubes 1 and 4 with no 
reactions in the other tubes indicates that the extract of unknown material con- 
tained human protein and if the chemical reactions were positive for blood would 
indicate that the extract was of human blood. The test, however, does not differ- 
entiate the blood of one human being from another. Doubt can arise only between 
the proteins of closely related species, as, for example, man and the higher apes, 
sheep and goat, horse and mule, etc. 

4. If tire tests are negatixe for human blood duplicate tests may be conducted 
with anti-chicken, anti-beef, anti-dog. anti-cat and otlrer immune sera. In medico- 
legal cases it is always advisable to conduct these even though positive reactions 
are observed with anti-human serum. 

5. Similar tests can be conducted for the detection of meat adulteration, identi- 
fication of bones, milk, semen, etc., the technic being given in Kolmer’s Infection, 
Immunity and Biologic Therapy, W. B. Saunders Company. 

PRECIPITIN TEST FOR PLAGUE 

1. This test is sometimes of value in making a rapid presumptive diagnosis on 
decayed tissues and especially of rats. 

2. One part of finely divided tissue is mixed with 5 to 10 parts of distilled watei, 
boiled for 5 minutes and filtered repeatedly through paper or asbestos wool with 
Suction until perfectly clear. Set up the tests in small test tubes: 

No. 1. — Place 0.5 c.c. of high titer immune serum and carefully overlay with 
0.5 c.c. of the filtrate. 

No. 2. — Set up a duplicate using normal rabbit or horse serum (control). 

No. 3. — Place 0.5 c.c. of immune serum and overlay with 0.5 c.c. of normal 
saline solution (control). 

No. 4. — Place 0.5 c.c f . of extract and overlay 0.5 c.c, of normal saline solution 
(control) . 
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3. A positive reaction shoves a white ring of precipitate at the line of contact 
in the first tube in 5 minutes at 37® C. reaching a maximum after 2 hours. A 
negative reaction is not conclusive. 

PRECIPITIN TEST TOR ANTHRAX 

A simitar test may be conducted with an extract of tissue and a potent anti- 
anthrax serum. 


PRECIPITIN TEST FOE ECHINOCOCCUS DISEASE 

This lest is frequently of diagnostic aid. The antigen is the clear' fluid from a 
hydatid cyst. The serum is that of the patient which should be crystal clear, un- 
diluted and used unheated. 

1. Set up the tests in small test tubes as follows: 

No. 1. — 0.5 c.c. of patient’s serum carefully ovcrlaycd with 0.5 c.c. of antigen. 

No. 2. — 0.5 c.c. of normal serum carefully overtayed with 0.5 c.c. of antigen 
(negative control). 

No. 3. — 0.5 c.c. of serum from a rabbit immunized by intravenous injections 
of cyst fluid or from a known case of lire disease carefully overlayed 
with 0.5 c.c. of antigen ‘(positive control). , 

No. 4. — 0.5 c.c. of patient's serum with 0.5 c.c. of saline solution (control). 

No. 5. — 0.5 c.c. of antigen with 0.5 c.c. of saline solution (control). 

2. Allow to stand at room temperature for one-half hour. A white ring of pre- 
cipitation in tubes 1 and 3 indicates a positive reaction. 

PRECIPITIN TEST FOR MENINaOCOCCUS MENINGITIS 
(KREIDLER AND MURPHY) 

This test-is not only of diagnostic aid in differentiating meningococcus from 
other types of suppurative meningitis, but it is also of service in the selection of 
antimeningococcus serum for treatment, preference being given to the serum show- 
ing the maximum of precipitation. 

1. Centrifuge the spinal fluid at high speed for 20 minutes. 

2. Remove the clear supernatant fluid to another test tube. The sediment may be 
used for smears and cultures. 

3. Place 0.3 to 0.5 c.c. of each available antiserum in small test lubes. 

4. Carefully overlay each with an equal volume of the clear spinal fluid. 

5. Allow to stand at Toom temperature for 20 minutes. Examine for rings of 
precipitation at the lines of contact which constitute positive reactions graded from 
+ to + + + +• 



CHAPTER XXXI 

METHODS FOR CONDUCTING TESTS FOR ALLERGY 

While the diagnosis and treatment of diseases due to allergy is properly a spe- 
cially in clinical medicine, yet ceitain laboratory examinations aie sometimes re- 
quired such as total and differential leukocyte counts for eosinophilia : the detec- 
tion of eosinophilia in smeais of nasal, sinus, bronchial, conjunctival and intestinal 
secretions; the preparation of allergenic extracts and vaccines for skin testing and 
finally* the conduct of skin tests, sometimes requested of the clinical pathologist 
and laboratory technician. 

METHODS FOE THE PREPARATION OF ALLERGENS 

Prepared extracts of a very large number of different substances as pollens, 
hairs, dandruffs and feathers of the lower animals, vaiious foods, silk, cotton, glue, 
on is root, etc., may be obtained from manufacturing laboratories suitable for the 
scratch or cutaneous test. These are usually in the foim of powders or solutions. 

Fluid extracts of allergenic substances may be obtained in the same manner 
suitable for intracutaneous tests as well as the allergenic oils of pollens, poison 
ivy, sumac, oak, etc., for the patch test. It is unnecessary, therefore, to include here 
the technic of their preparation. 

Stock dust extracts may be likewise obtained from the same sources, but auto- 
genous extracts prepared of house or industrial dusts to which the individual patient 
is exposed, are sometimes required. These, as well as extracts of foods or other 
materials, may be prepared as follows for intiacutaneous tests and treatment by 
desensilization : 

Principles. — 1. The extract should contain sufficient of the active excitant or 
allergen to give positive skin reactions in sensitive individuals. 

2. It should be prepared with the minimum of denaturing of the active allergen. 
This is probably of special importance with foods. In the case of foods eaten in 
the raw state it is prefeiable to prepare extracts of the raw material. In the case 
of cooked foods it is preferable to prepare the extracts after the usual amount and 
degree of cooking as it would appear possible for an allergic individual to give a 
negative reaction to an extract of raw food and a positive to an extract of the same 
food piepaied after cooking; likewise, the reverse. 

3. It should be sterile and noninitating to the skin. 

4. It should be of such strength that the test dose does not produce nonspecific 
reactions in normal nonallergic individuals. 

Method. — 1. Divide the food very finely and include the juices. The wet food 
may be extracted or it may be dried and pulverized. With dust (collected in a 
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vacuum cleaner from the floors, rugs, draperies and mattress), remove match sticks, 
hairpins, etc. 

2. Place the material in a flask and add 2 -or 3 volumes of carbon tetrachloride. 
Stopper tightly and shake thoroughly. Place in incubator at 37° C. for 1 or 2 days. 
Decant and discard the carbon tetrachloride and add 2 or 3 volumes of water-free 
ether. Stopper tightly, shake and keep at room temperature for 1 or 2 days with 
frequent shakings. These measures are for the removal of fats and coloring matter, 

3. Filter through paper and allow the material to dry on the paper overnight. 

4. Transfer the material to a flask and add an equal volume of one of the fol- 
lowing extracting fluids: 


coca’s extracting flu in 

Sodium chloride 4.0 gm. 

Sodium carbonate (Na : COi) ' 1.4 pm. 

Phenol (5 7e) 40.0 c.c. 

Distilled water to make 500.0 c.c. 

When 2 or 3 drops of a 1% alcoholic solution of phenolplitlialein are added to 
5 c.c. it should remain colorless; to insure this state Coca advises passing carbon 
dioxide through the fluid before use. 

BUFFERED SALINE SOLUTION 


Sodium chloride \ 50.0 gm. 

Potass, dihydrogen phosphate 3.63 gm. 

Disodium hydrogen phosphate 14.31 gm. 

Distilled water 1000,0 e.c. 


Mix equal parts of this solution with 4% solution of phenol. For use dilute 1 
part with 4 parts of sterile distilled water. 

5. The Coca fluid is advised for the preparation of extracts of pollens and dusts; 
the buffered saline for all other extracts. The latter is also used for preparing 
dilutions of extracts. 

6. Cover with a thin layer of toluol to inhibit bacterial activity and extract in 
the incubator for 48 hours. 

7. Filter through paper, gently squeezing the material. The filtrate may be 
concentrated by evaporation in a large dish exposed to an electric fan while carbon 
dioxide is bubbled through or by ultrafiltration through cellophane. 

8. Pass the filtrate through a stetile Berkefeld, Mandler or Seitz filter. It is 
advisable but not necessary to standardize by determining the total nitrogen by 
the Kjeldahl method or the protein nitrogen by the phosphotungstic acid precipi- 
tation method. As a general rule satisfactory standardization may be accomplished 
by testing normal individuals with intracutaneous injections of 1:5, 1:10, 1:100, 
etc,, to determine the lowest dilution giving a completely negative reaction. 
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9. . Culture for sterility, by placing 2 or. 3 c.c. in a:flask of 100-to 200 c.c. of 
' .broth (pH 7.2) and. incubate, at. least- 5 days. . .• 

. ,10: Keep the extract, in ' a refrigerator where it usually maintains allergenic- / \ 
activity, for about, one year. If iri.bulk, cover .with a thin layer- 'of .toluol.- - 

Notes.— 1.' Hairs and dandruffs are apt to be particularly greasy and require '• 
tliorough de-fatting. Extract with buffered saline solution. \ .' ‘.w'-v 

2. Feathers should not have been previously , rvashed or immersed indvater. : 

3. ‘ With cerals coyer the extracting fluid with toluol; TJse , minimum amount 

of extracting fluid. Dialysis of the extract aids in removing viscosity and makes . 
filtration easier (also applies to orris root). ■ Y-- -'" 'Y;Y ' 

4.. Nuts, seeds and beans should not be roasted; grind in a coffee grinder and . 

thoroughly remove the oils with ether before extracting. Dialysis aids in removing 
irritating substances. • .7/ V. '‘”y’ 

Method for Milk (Coca). — 1. Remove all fat from 500 c.c. by. centrifuging. . * . 

2. Add 2.5 c.c.-of 1% rennin and place in a water bath at 37°. C. for one-half : 

liour without stirring. . . ’ , - ' • , . ' "i 'Y'- **0 « , . 

3. Remove the precipitated casein by straining through a sterile towel. . 

, 4. Add 7 c.c. of a saturated solution of sodium carbonate to the* filtrate. :‘ Y- ' . 

5. Filter through a sterile Berkefeld, Handler or Seitz filler and culture for . . 
sterility. ■ . - ■ • r ■ : ,Y Y 

Method for Eggs. — Dilute whole egg white 1:10 and 1:100 with the buffered 
saline solution. Sterilize under toluol for three or more. days. Culture for sterility. 


TECHNIC OF SKIN TESTS 

Choice of Methods.— Two methods are employed, namely; (a) the cutaneous 
or scratch test_and— (F) th e inlracutaneous test . Both have certain advantages and ; 
disadvantages so that it is not so much a choice between the two but rather the use 
of either or both according to conditions. , - ' / 

The cutaneous test appears satisfactory for the detection of allergy to inhalants. 
j^oJbayHever-and-asthmaHt is cheap, safe, qui cldy c ond ucted and highly specific. 
Tw enty to 40 tests may.be don e at one ti me. ’--7 ' 

- , The i ntracutaneous test. J io wever; is more sensitive and e specially req uired for 
the detection of a llergies to the foods and bacteria. I t is more likely to give non- 
spccifiiL-reactions^n-inexper-ieneed-handSx- The reactions are more deffnffeTarrd 
easier io read and while easy, to perform, only a limited number as 6 tb-12'can be 
done at onetime. , ■ •. - ' •' ;‘ v ‘ 

A good general rule is to conduct cutaneous tests first and to repeat, with intra- 
cutaneous .tests in the case of those substances giving negative cutaneous reactions.:. 

.Diagnostic Value of Skin Tests.-^-l. Skin tests are seldom requiredHor -the 
..diagnosis of all ergy as this is usually possible by a thorough history and physical 
'examination..- r/ . 7 Y' -'.v'’ ■ - Y.‘Y ' •</ />• - ; v Y , ■ 

. 2. Their, chief value is. the aid they render , in detecting the exciting- agent ' fir". 
agents. of a llergy. • •; ,7 - " *'■ , Y : Y -Y; . 

37 Botlv cutaneous and inlracutaneous tests may give falsely negative reactions: 
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These may be due to technical errors or to the fact that the skin is not sensitized. 

4. Both cutaneous and intracutaneous tests may' give positive reactions to sub- 
stances to which the patient is not clinically sensitive. This is sometimes called 
“potential allergy.” 

5. In general terms a positive skin reaction to a certain substance simply means 
that the skin is specifically sensitive to it. But this does not necessarily imply that 
it is of clinical or etiological importance. In the great majority of instances, 
however, positive reactions have much more diagnostic import than negative re- 
actions- 

6. In conducting skin tests there should be a very careful selection of allergens 
in order to omit unnecessary tests. In the lood tests for example it is usually well 
to avoid those the patient rarely or never ingests. 

7. Group tests are not advisable. They are usually combinations of 4 or more 
foods or other substances and have been advocated to reduce the number of tests. 
However, they may give falsely negative reactions. When positive reactions arc 
observed it is necessary to repeat the tests with the individual foods. 

TECHNIC OF THE CUTANEOUS OE SCRATCH TEST 

1. Make a careful selection of the allerge ns to be tested. 

2. Clean se the forearm with alcohol^ and^ilow to dry. The arm, back or thighs 
may be used but only in case of necessity. 

3. It is necessary to make a su perficial cut o r s cratch for each a llergen to be 
tested . Ordinarily there can bt Ttwo row r of 10 to 12 eac h along with one control. 
These scratches should be about one inch apart and ab out 14 inch in length . They 
should be^deep enough to draw serum but not blood. They may be made with any 
sharp instrument, as a Daland blood lancet (Tig. “3 11) or scalpel cleaned with 
alcohol. 

4. It is a good plan to prepare a diagram of the forearm marking down the 
napie_of_E3ch allergen opposite it s 'scratch in orde r to avoid errors oZconfusion. 

5. If the allergens are in powder form, proceed as follows: 

(a) With a toothpick place a drop of dccinormal NaOH aolution or normal 
saline solution on a scratch; ( b ) add a small amount of alle r gen and rub io-gently 
for several second s (Fig. 345) ; (c) witli a fresh toothpick repeat with the next 
. allergen, etc.; (d) the control scratch is rubbed in the same manner with the 
solution used for dissolving the allergen. 

6. If the allergens are in fluid or paste form it is only necessary to add a drop 

to a scratch with ge ntle ru bbing. ~~ — 

7. Wait 20 to 30 minu tes before gently washing off the stains and making the 
readings. 

8. First examine the control. Some individuals and especially children or adults 
with urticaria may show excessive reactions to the trauma of the scratch and fluid. 
To be positive a reaction must be definitely larger than the control, that is, show 
a larger wheal with a larger areola. The typical positive reaction looks like a 




Fig. 344. — Method op Making Sachifications for Cotaneous Alrfjicic Tests with 

Dai.and Lancet 

(From Kolmer, Injection, Immunity and Biological Therapy, 3 cd., W. B. Saunders Co.) 



Frc. 345.— Method of ‘Apelyinc Aelergens to Cvtansovs Abrasions in Allergic Skin Tests 
(F rom Kolmer, Injection, Immunity arid Biological Therapy, 3 ed.,. W. B; Saunders Co.) -- 
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“lme” or mosquito bite with pseudopodia and pinkish areola (Plate XI!) and 
according to size, etc., may be recorded as follows: 

— Negative 

iL Wheal less than 0.5 cm.; moderate areola 

-f- Wheal 0.5 cm.; moderate areola 
Wheal 0,5 cm.; marked areola 
— J — Wheal 0.5 to 1 cm.; with or without marked areola 
+ + 4*"f* Wheal above 1 cm.; with or without marked areola 

Reactions are sometimes delayed up to 21 hours hut their exact significance is 
not known. 

TE0HN10 Or THE INTRACDT ANE OTJ S TEST 

1. Make careful selection of extracts to be tested. If the patient is suspected as 
being highly sensitive, the number of tests should not ordinarily exceed 6 to 12. 
Otherwise, a large number may be done if the discomfort is not too great. 

2. The injections must be strictl y intracutaneous and arc best made with 14 inch 
gage No. 26 or 27 needles fitted to tuberculin or other type of small syringes. It 
is a good rule to have a separate syringe for each allergen. Syringes and needles 
must be carefully sterilized. 

3. The arm is preferred although the forearm or hack may be used if necessary.* 
Cleanse with alcohol and cotton. 

4. The injections shou ld bea tieas t one inch anart an d , in adults, can be arranged 
i n two -m toa-oL4-to-6-in?octions. 

5. A control injection of diluting fluid alon e is required. 

6. Tfie skin may be pinched in a fold or st retched and the needle entered with 
bevel upward. The dose injected is usually 0.01 or 0.02 c.c. Slight stinging is felt 
and an anemic spot produced (Fig. 316). If the latter is not seen the injection 
has been too deep. 

7. Reactions are usually re ad in _about 10 minutes an d may be classified os 
follows:(oj negative "(resembles the control); (6) slightly positive (+) d ue ,0 
slight increase in either the size of the wheal or area of erythema or both; (c) mod- 
erately positive (-1- -j-) with moderate increase in the size of area of erythema and 
wheal but no pseudopodia; (d) markedly positive (d-'f'd-) with large wheal and 
areola, pseudopodia and itching, 

8. In some instances reactions are delayed for several and even 24 hours with 
a tendency to persist longer than immediate reactions. Their exact significance is 
unknown but in the food allergies arc sometimes of significance. 

TECHNIC OF THE PATCH OE CONTACT TEST 

This test is employed in the determination of the specific exciting agent respon- 
sible for certain inflammatory conditions of the skin grouped under the term of 
contact dermatitis and best illustrated by poison ivy. It is the only test of any 
value in the diagnosis of these conditions and is at times an invaluable aid. 



PLATE XU. 






t v ' x -Jv, ’. \ j-’n * 

mm&i&th' :-S~ «;-•:•• . : 

'"i'** ’"'■** ' V " 

*iV ' ***' ■ -'' • ' ■'/' ", ***-?* * %'\ „ ', 

U - * • '• .\ ‘ - ** ** . , v 7- *£ 5 . ■ 

.*;V - ' -.* , •*' - v - . 

■ W'O v; .:;• ^ .- a ^ Control 

?r , . _ .; v ] l] > ' '■• a; •• 


»* ~ *» 9»„ 


. . - ' 
(BM- .'■ w *“' .-AA;' =7^— — - Ragweed 

t"'^' e j?i* /„V* ?* A.,*' ? > . y \ ’""I/,!.-.* ' 

~ 1 r J 1 ^ ^ . * " < «v*** 

V' ,** * M ' 1 '' ,' v , * " ■ ‘ V.’f-* 4 .':’ .,«)« 


i •/ /'" i . 
XtV; r *: 


'. ;. ! ,V ,,i^£ *?}y T , A X‘ / A,y-;v w;.4 f 

y':i~"<-." ' ', A'",. - : " 7 r -'-'AAfA 

uVi 'vv : » 'i 

.v -• . " -.•*■■ V‘ A 






^ -r, 




Golden rocl 


Ore hard. grass 


' POSITIVE ALLERGIC REACTIONS TO POLLENS . ' ■ ', " ;; ,: • ' 

. . ■ (cutaneous or scratch tests) / '. ’ / ' v,- ' L ’L : ; ' 

(From Kolmer, Infection, Immunity, and Biologic Therapy, W. B. Saunders' Co., PIlUadcipIlia ) 



METHODS FOR TESTS FOR ALLERGY 


685 


Principle. — Since the eruption of contact dermatitis is the result of an acquired 
sensitization, the direct application of the suspected excitant to the skin of such a 
patient should, after sufficient contact, reproduce a lesion similar to that for which 
he patient is being treated. 

Technic. — 1. Prepare a patch consisting of adhesive plaster 1 — 2 inches square. 
Cover all ot the inner or adhesive surface of the patch except for a rim of about 
14 inch with a square of cellophane, rubber tissue or oiled silk. 

2. Prepare a small square inch) of linen or blotting paper to be used for 



Fic. 346. — Technic of Intracutaneous Injection 


The skin has been cleansed with alcohol and pinched up between the thumb and index-fingei 
of the left hand; the needle (No. 26) has been entered into the epidermis and 0.1 c.c. of fluid 
injected. Note the anomic area, indicating that the injection has been intradcrmic. (From 
Koliner, Injection, Immunity and Biologic Therapy, 3 ed., W. B. Saunders Co.) 


absorbing the liquid or ointment preparations. Solid substances may be applied 
directly to the skin. 

.3. The skin of the outer surface of the arm or inner surface of the forearm 
should be employed when only a few tests are to be done at one time. When 10 to 
20 are applied, the skin of the back is more convenient. 

4. To perform the test, soak the small square of linen or blotting paper in the 
liquid to be tested and apply it directly to the skin. If the suspected agent is an 
ointment, this may be put on the square intact; if it is a powder, it may be moist- 
ened with saline or distilled water and then put on. Solid materials may be put on 
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directly without any square. Cover the square with the patch, prepared os de- 
scribed. If the edges of the patch are not firm enough, seal them by adhesive strips 
or collodion. 

5. Allow the patch to remain in place 21 hours, unless itching is marked. With 
less potent excitants it may be allowed to remain 48 hours or longer. 

6. A positive reaction is indicated by the presence at the site of the patch of 
a reddened area in which small blisters or vesicles are seen. A negative reaction 
shows no changes at the site. The area should be inspected daily for two weeks for 
signs of a reaction, before being considered negative. 

7. A positive reaction is definite indication of sensitization. Its clinical impor- 
tance must, however, be established. A negative reaction does not necessarily ex- 
clude the presence of sensitization. 

TESTS FOR SERUM ALLERGY, 

These are frequently required before the administration of immune sera for the 
prophylaxis, and treatment oC disease, to determine if the patient is hypersensitive. 

1. If the patient is an asthmatic and especially if suspected of being sensitive to 
horse serum, a scratch or cutaneous test should be first conducted with a drop of 
normal horse serum. A positive reaction indicates such a high degree of sensitive- 
ness that serum should not lie given at all or only by very special methods. 

2. If the history is negative for asthma, or if this te«t gives a negative reaction, 
inject inlraculaneously 0.02 c.c. of sterile normal horse scrum (0.2 c.c. of 1 : 10 
dilution). A control injection of sterile saline solution is ndvi«able. Read reactions 
in about 10 minutes. A positive reaction indicates that if serum is given precautions 
are required and especially if administered intravenously. The test is sometimes 
conducted with the immune serum for administration. This is not advisable lie- 
cause the antibodies in the serum may produce an immediate erythematous and 
edematous reaction (known as the E-E reaction ) wlich may be mistaken for a 
positive allergic reaction (Fo«hey, L.: Jour. Allergy, 1935, 6, 360). 

3. An oplhalmlc test may be conducted by placing a drop of 1:10 dilution 
normal horse serum in the lower conjunctival sac. The test cannot be con- 
ducted in the case of crying children. Wait about 10 minutes. A positive reaction 
is shown by erythema, lacrimation and some itching. It is not as reliable as the 
intracutaneous test. 

TESTS FOR BACTERIAL, ALLERGY IN RELATION TO VACCINE THERAPY 

1. Cultures are made on Petri plates of hormone blood agar and the different 
bacteria isolated and identified. 

2. Pure cultures of these are grown on appropriate solid media for 24 to 48 
hours and removed with sufficient saline solution to give dense suspensions of at 
least 2,000,000,000 per c.c. Or the bacteria may be grown in a fluid medium and 
secured by centrifugation. If any medium lias been carried into the suspension 
it is filtered through sterile paper and the bacteria are washed once with saline 
solution containing 0.5 phenol before being resuspended in the saline solution. 
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3. Each suspension is heated in a water bath at 60° C. for one hour, cultured 
for sterility, and preserved with sufficient phenol to make 0.5%. 

4. For the skin tests a small amount of each suspension is diluted with sterile 
saline solution to give approximately 500,000.000 per c.c.; 0.05 c.c. of each is 
injected intracutaneously. A control injection of saline solution is made at the 
same time. 

5. The reactions are read approximately 1 and 24 hours later. 

6. Those bacteria causing positive reactions are then incorporated into an auto- 
genous vaccine prepared from the stock suspensions. 

THE FREI TEST FOR LYMPHOGRANTJLOMA INGUINALE 

1. The antigen is prepared by aspirating pus with a gage No. 18 needle from a 
softened but unopened bubo. The subject should be known to be free of tuber- 
culosis, syphilis and chancroid. The blood-fiee pus is then diluted with 5 or 6 parts 
of sterile saline solution and heated at 60° C. for 2 hours on the first day and 
for 1 hour on the second. When proven sterile by aerobic and anaerobic cultures 
the antigen may be put up in ampules ready for use. 

Antigen may be prepared by inoculating mice intracerebrally with pus. Imme- 
diately after death the brain is removed aseptically and prepared in a paste to 
which is added 4 c.c. of Savita broth with constant grinding. The emulsion is then 
sterilized in the same manner as above, cultured for sterility and put up in ampules 
ready for use. A control antigen of normal mouse brain is advisable. 

2. The lest is conducted by injecting 0.1 c.c. of the antigen intracutaneously in 
the forearm. A control injection may be given in the other arm. 

3. A positive reaction occuis as an inflammatory papule appearing in 24 hours 
and reaching its height in about 72 hours. 

INDIRECT METHOD OF TESTING FOR ALLERGY 

Principles. — 1. This test depends upon the possibility of sensitizing a local 
area of skin of a noimal individual by the intracutaneous injection of the serum 
of an allergic individual carrying skin-sensitizing antibodies or allergens as in hay 
fever or asthma (Prausnilz-Kustner method of passive transfer of antibody). This 
test cannot be done if the allergic individual is syphilitic. Remove 5 c.c. of blood 
from the allergic individual with aseptic precautions. Separate the serum and 
centrifuge if necessaiy to lemove corpuscles. Keep in refrigerator. It may be pre- 
served by the addition of 0.1 c.c. of 5% phenol per cubic centimeter. It is advisable 
to culture for sterility. 

2. With a steiile tuberculin syringe fitted with a No. 26 needle, inject 0.1 c.c. 
of the serum intracutaneously into the forearm of a normal nonallergic individual. 
As a general rule 8 injections may be made in two rows of four each. Do not use 
senile skins; avoid sunburned aieas. If foods are being tested the individual should 
abstain from these for 48 houis and especially in the case of eggs, fish and nuts. 
Ring each site of injected skin with ink or skin pencil. 

3. Allow 48 and preferably 72 hours to elapse and reinject the sensitized sites 
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with 0.02 c.c. of sterile solutions of the allergens being tested; at the same time 
inject a similar amount of each into adjacent areas of nonsemitized skin as con- 
trols. Also inject 0.02 c.c. of normal saline solution into a sensitized area as an 
additional control. 

4. Inspect both areas 10 minutes later. A reaction in a sensitized site with no 
reaction in the control site is positive. If both arc negative it is likely that the 
serum had no antibodies for the allergen employed. If both are positive the indi- 
vidual has an allergy to the allergen and the test would have to be repeated with 
another individual. 

METHOD TOR THE DETECTION OF EOSINOPniLIA 
IN THE DIAGNOSIS OF ALLERGY 

1. This method is conducted with smears of secretions from the nose, nasal 
•accessory sinuses, ronjunclivae, intestinal tract and bronchi. 

2. These may be preparrd on slides in the same manner ns blood films. 

3. Dry in the air; fix with methyl alcohol for 5 minutes and stain with Wright's 
■stain in exactly the same manner as blood. 

4. Wash in water, dry and examine with oil-immersion lens. 

5. Make a differential count of the cells and calculate the percentage of eosin- 
pbils. An excess (25% or higher) is presumptive evidence of allergy. 
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• CHAPTER XXXII ' ’ ’ : 

METHODS OF COLORIMETRY , NEPHELOMETRY AND: 

scopometry . ' -v- r v " : 

Principles.-—!. Colorimetry depends upon comparing and measuring the color ; . 

; of a fluid under examination with a similar solution of known strength, upon the " 
principle that the depth of color is directly proportional to the amount of the - " • 

: substance present.; : - ' , . 

: ■ £. .Nephelonietry depends, upon measuring the density of precipitates and thus 
; determining the amount of, any substance which can be obtained in. the form of 
; a suitable suspension. It, differs from colorimetry in that it uses ‘ reflected instead 
of transmitted light. The brightness of two fields is compared instead . of their, . , 

colors;, It is adapted particularly for the determination of substances that are in 
very dilute and colloidal suspension, which do not precipitate appreciably in the 
time required for making readings. The method has been adapted to the determi- 
nation of a large number of substances and is continually finding new applications.: ■ J: 
It is, possible to determine very minute amounts of substances, entirely outside of 
the range, of gravimetric methods of analysis by nephelometry, which thus may 
be used , where the amount of material is very small. If properly carried out the 
’.limits of error, are not greater and may be less than those of the colorimetric , : 
v. methods commonly employed. 

... Scopometry is closely related, but depends upon an extinction or vanishing ;j 
: point criterion as an optical measure of turbidity and color, measuring the optical fV'j'y 
; density of a sample when a point, is reached at which the density of the sample 
plus : the . density added to it cause the image of a standard target to disappear. ; 

For adding density to the sample the Exton Junior Scopometer utilizes a coh- 
tinuously : graded series of increasing densities in the form of an optical wedge 
shaving a. predetermined standard slope and called neutral because it transmits 
equally all colors of the spectrum. By shifting the position of the wedge, the point , 

} .on the wedge scale at which the target image seen through .sample and wedge 
, vanishes, directly, measures the concentration of the, specimen. The results ..are 
, , usually easily read, of considerable accuracy and the methods particularly appli- ;:;i 
cable to small amounts of lest material. 


.. . . COLORIMETEIC METHODS J '.''-'N ‘-.'y: 

. , , ’ ;I)ubosc4: Method.— - 1 ., The general construction is shown in Figure 347. ’ i. 

. . 2. The solutions to be compared are placed imglass cups, which can be raised . ■ 

: V.'*-.'. - •' ' ■ • -689 •’ . ' •• ‘. V.,' 
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by means of'rack and pinion until the lower ends of the clear glass plungers are 
immersed in the fluid, the excess of fluid rising between the plungers and the 
walls of the cups. By raising or lowering the cups the layer of fluid between the 
lower ends of the plungers and the bottom of the cups may be made of any desired 
thickness and the thickness of each is indicated by a scale placed in a convenient 
position. Beneath the cups is a mirror which reflects light up through the cups 
and the long axis of the plungers into a series of prisms. These reflect the light 
from the two cups into a single field which is viewed by an eye lens. Each lateral 
half of the field receives its light 
through one of the cups. The raising 
or lowering of the cups, by diminish- 
ing or increasing the thickness of the 
layer of fluid through which the light 
passes, diminishes or increases the 
depth of color of the corresponding 
half of the field. 

3. Adjustment of the scales should 
he tested before an instrument is u*ed. 
Raise live cujjs gently until their bot- 
tom* are in contact with the plungers. 
If the reading is not exactly zero on 
each side, the scales, which are mov-' 
able upon most instruments, must be 
brought to accurate adjustment. In the 
absence of an adjustable scale, a cor- 
rection must Ire made in the readings 
depth of liquid between the bottoms of 
the plungers and the top surfaces of the cup bottoms. 

4. Test the equal transmission o! light through both sides of the instrument by 
placing the same colored solution, usually a standard, in both cups, taking care 
that they are not filled so much that displacement of fluid by the plungers causes 
some to be spilled. Raise the cups until both plungers arc immersed, and arc set 
lo have the same depth. So place the colorimeter with rspect to the light source 
that the same amount of light is reflected up through each cup. Either daylight or 
artificial light filtered through daylight glass may be used. In neither ca«c should 
the light be too strong, or the readings will be less accurate. If both halves of 
the field do not match exactly, the position of the instrument may be shifted slightly 
in an attempt to make them match. If a match is still not obtained, something 
differs in the optics of the two sides. The most common source of error in this 
respect is bubbles under the plungers. 

5. After the colorimeter is correctly adjusted with respect to the light source, it 
should not be moved during the determinations. Empty the left hand cup and rinse 
it and the plunger with the unknown solution, partly fill the cup, and raise it 
until the plunger is immersed, avoiding bubbles under the latter. Set the left cup 
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at a convenient depth, usually 10, 15, or 20 mm., depending on the concentration, 
and adjust the depth of the right cup containing the standard, until the two halves 
of the field have the same color intensity. Read and record the depth. For maximum 
accuracy make a number of readings and average the results, but guard against 
eye fatigue. The advantage of setting the unknown at an even figure is that cal- 
culation is thus simplified. Concentrations of tire two solutions are inversely pro- 
portional to their depth when the color intensities are equal. This relationship may 
be expressed by tire formula 


Concentration of unknown = 


Reading of standard 
Reading of unknown 


X 


concentration of standard 


If, for example, in the determination of nonprotein nitrogen the standard solu- 
tion contains 0.15 milligram of nitrogen in a 50 c.c. volume, and if when the 
unknown is set at 15 the standard reads 16.8. tire amount of nitrogen in the total 
volume of the unknown being compared is determined as follows: ' - , 

' 16 8 ' 

Concentration of unknown = -y~~X 0.15 = 0.168 mg. per 50 c.c. 

Results in colorimetric work are always most accurate when the unknown and 
[ the standard have nearly the same depth of color. 

Where light absorption after a color-developing reaction is most intense in a 
particular portion of the spectrum, it is sometimes advantageous to employ light 
filters transmitting only this part of the spectrum. Trouble caused by the absorp- 
tion of light in other parts of the spectrum by foreign substances may thus be 
eliminated. 

PHOTO-ELECTRIC METHODS 

The technic employed depends upon the type of instrument used. In general 
these methods depend upon the relative changes in resistance of a photo-electric 
ccll caused by light which has* passed through a standard solution, and that caused 
by light which has passed through the unknown solution. Manufacturers either 
calibrate the instruments or supply directions for their calibration. They may he 
used with light filters to advantage in certain cases. Although a photo-electric cell 
is more sensitive to changes in intensity than is the eye, the fact must be remembered 
that only change in intensity of total transmitted radiation is measured, and the 
presence in a solution of a foreign substance producing a color or a turbidity will 
cause erroneous results. 


NEPHELOMETRIC METHODS . " 

1. The Duboscq Colorimeter has been adapted for nephelometric determinations 
by Kober, Bloor and others. The Bausch and Lomb attachment shown in Figure 348 
is satisfactory, likewise those furnished by the International Instrument Company 
of Cambridge, Mass. 
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2. Directions for use usually accompany the instruments. 

3. As stated by Hawk, “the amounts of precipitate in solutions examined 
nephelometrically are not exactly inversely proportioned to the readings of the 
scale. When the concentration of the unknown and of the standard are within 107© 
of each other (or within about 20% if the readings are made at depths as great 
as 50-60 mm.) accurate results may however l>e obtained directly. If the variations 



Fic. 34fl. — NmuxoMCTEH Attachment 


are greater than this a correction is necessary. Kober has proposed an equation to 
supply this correction and thus make possible very accurate work under conditions 
of moderate variations of concentration. The equation is as follows: 

s (1 — x)sk 

y ~ x X s 

or 

3 -f* sk \/( 5 + iij* — 'k&y 

* 2 r 

where y — height of unknown solution, on the left side of the instrument, when 
standard solution is kept on the right side at a definite height, j — height of 
standard solution on the left side and x the ratio of the concentrations of the 
two solutions, h = K/s where X = a constant, obtained by substitution of standardi* 
zation values of a, y, and *. The instrument should be checked up for each series 
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of analyses by reading the standard against itself and determining the potential 
height of the standard solution by ’reading the scale on the left side when the 
solution on the right side is kept at a definite height, and the two are matched.” 

SCOFOMETRIC METHODS 

Scopometry is performed by three different instruments: the Scopometer, the 
Junior Scopometer. and the Electro-Scopometer. 

The Junior Scopometer (Fig. 349) provides a handy and efficient means for- 
making many different kinds of measurements without disturbing the sample, and 
is unique in offering extinction and photometric criteria as well as polarization 
measurements in the same instrument. It is supplied by Bauscli and Lornb and tire 
fillers and wedge by the Eastman Kodak Com- 
pany. Full directions accompany the instru- 
ment. 

Visual acuity is pooled with all other vari- 
ables that might affect measurements and in 
practice is almost wholly' eliminated. The 
vanishing point criterion is affected much less 
than the older methods by color and floccula- 
tion differences. It also allows measuring the 
samples in the same tubes in which the tests 
are made, which makes for unexampled ease 
and rapidity of manipulation. 

The exceptional feature is the entire free- 
dom from all troubles and inaccuracies inci- 
dental to the preparation and control of com- 
parison standards, which it dispenses with 
altogether. The measurements of cloudiness 
and color offered by this instrument make it 
possible to repeat measurements of a sample 
without respect to the lapse of time, an ad- 
vantage of practical value which mav he par- 
ticularly helpful to enthusiasts of permanent 
standards. 

The use of light filters makes colorimetry 
with the Junior Scopometer often practicable 
in the presence of interfering colors and tends 
to extend gteatly the range of measurement. Fuithermore, by measuring the same 
sample with selected filters, transmitting different frequencies and repeating such 
measurements, transformations of a fundamental chemical nature may be sub- 
jected to practically continuous observation, and it is not beyond conjecture that 
this may prove to be the most interesting, if not the most valuable, feature of 
colorimetry with the Junior Scopometer. 

It might also be mentioned that the vanishing point criterion makes it possible 



Fic. 349. — The Exton Junior 
Scopometer 


(Bau c ch and Lomb 
Rochester, N. Y.) 


Optical Co., 
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to simplify technic to such an extent that determinations now regarded as too 
cumbersome for routine work may be brought within the realm of clinical 
pathology. 

Although the Junior Scopometer is more accurate and reliable and ghes more 
uniform results than the so-called permanent standards or semiquantitative method?, 
the extinction criterion has certain disadvantages which are inherent in the nature 
of its physiological optics and which prevent it achieving the accuracy of the best 
comparison photometry, because the human e>e is unable to mark the disappear- 
ance of an object as critically as it can compare the brightness (color) of two 
specimens. For this reason the Lleclro-Scopomeler more recently devised by Exton 
has still further increased the accuracy of scopometry. 

METHODS FOE USING THE ANALYTICAL BALANCE 

The balance should be kept level in a place of even temperature. In manipulating 
the balance all movements should be carefully made so that only a click is heard 
when the beam is raised and lowered. Nothing should be placed on or removed 
from the balance unless the mechanical supports are in place to take the weight 
off the knife edges. Exception may be made, however, in the case of weights 
smaller than 1 gram, if the pan rests are raised. Willi beam and pan rests having 
separate controls, as is the case in a good balance, the left hand manipulating 
the wheel moving the beam also controls the pan rests by bringing pressure of 
the side of the little finger against the push button. For use in keeping the balance 
parts free from dust and chemical* there should be provided a camel’s hair bru«h 
about 1 inch wide. Objects which are to be accurately weighed should not be 
touched with fingers but handled with crucible tongs or otherwise. The zero point 
should be checked before each important weighing. 

Determination of Equilibrium Point: Exact Method. — The exact limits to 
which the pointer moves on either side of the center of the scale are observed for 
an unequal number of swings and the mean of each set noted; then counting tte 
excursions to the left “minus” and those to the right “plus,” half the algebraic sum, 
or the mean, is taken as the equilibrium point. The amplitude of swing should be 
about 5 divisions on either side of the center mark. The first swing should be 
neglected. It is good practice to read three swings to the left and two to the right. 


If, for example, readings are as follows: 


Divisions to Left 

Divisions to Right 

— 5 

4-5.2 

-4.6 

4-4.8 

-4.3 


Sum — 13.9 

+"io 

Mean — 4.63 

4- 5 


then the equilibrium point is • 
right of the center. 


-4.634-5 


4- 0.18 or 0.18 of a division to the 



^ ‘.procedures can. be ,.ddQpted.-;^;ad|a^^t.^f., 
the eqwlibridm 'point ^n^madj 
point. In the, other less time-consuming method the.. 
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v Sid^iSplaCcmentof the equilibrium point. With increasing loads ^eincUom 
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P^^30^0o ; |^'-Ih''Practice .the sensitivity for a given load.is foundry 
^^^^vr^tt^ariationmadein the equilibrium point when 1 milligram is added 
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brought to this ideal zero point by causing the excursion of the pointer to the right 
to be a certain fraction of a division less than the preceding excursion to the left, 
this value being previously determined as one-half thp loss in amplitude occurring 
during one complete cycle over approximately the same range of swing. 

In the method of equal swings the balance is adjusted so that the zero point is 
displaced to the right by half the amount of amplitude lost during one cycle. Then 
the weights are taken so that at the end of each swing to the right the pointer 
stops on the division corresponding to the starting point at the left. Any correction 
for known imperfect adjustment of zero point can be made by using the sensitivity 
values. 

Weights. — Weights are always handled with the forceps. When the weighing 
is finished the empty places in the box and the rider position are noted and the 
weight recorded. This is confirmed by observation of the weights os they lie on 
the balance pan and may be reconfirmed by counting as weights are replaced in the 
box. Weights of good quality when new are accurate enough for ordinary work, 
but U may be desirable and for the most accurate work essential that the degree 
of error affecting the weights be known and he redetermined from time to time. 
Manufacturers of good weights allow a tolerance of 0.2 milligram in the 10-gram 
weights. In the calibration of weights, a standard 10-gram weight is best used. If a 
standard weight is not available, one of the 10-gram weights in the set can be 
chosen as a standard, and if all weighings are done with the one set of weights, no 
error in analytical work will be introduced by such arbitrary choice of standard. 

One of the 10-railligram weights is assumed to be correct, and provisionally 
corrected values of all other weights are worked out in terms of it. By using the 
sensitivity of the balance, as explained above, the corrected weight of the other 
10-milligram weight is found to be, for instance, 9.97 milligrams. If when the 
20-milligram weight is placed on the left pan, and the two 10-milligram weights 
are on the right pan, the correction is found from the shift in the zero point 
to be -f- 0.07 milligram, the weight of the 20-milligram weight is recorded as 
10.000 -f- 9.97 -f- 0.07 = 20.01 milligrams. Thus, provisionally calibrated small 
weights and the rider (also calibrated against the 10-milligram weight) arc com- 
bined to weigh the next larger one. When all provisionally correct weights are 
worked out, these values are multiplied by a factor which makes the weight of the 
chosen standard 10-gram weight exactly 10.0000. For instance, if after calibration 
of all weights on the assumption that the 10-milligram weight is correct, the 
VuflY&wti ift-g-iwm weight is iorm& to weigh YbXRfo'l grams, ail vaiues shouiA be 
multiplied by the fraction 

10.0000 1 

10.0032’ ° r 1.00032’ 

Accessories. — In the so-called “chainomatic” balance final weight additions 
from 50 to 0.1 milligrams are made* by simple adjustment in the length of 3 
movable gold chain and this makes for more rapid and convenient weighing than is 
possible with the rider system. Weighing accessories consist of a spatula, a pair of 
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METHODS FOR THE PREPARATION OF STANDARD 
VOLUMETRIC SOLUTIONS 

All solutions, unless othemise specified, are to be prepared of C.P. grades o) 
chemicals. The word water always implies distilled water. 

Normal and fractional normal volumetric solutions are not very stable, therefore 
they must be checked by titration if they have been standing for some time. Normal 
solutions may retain their strength for approximately one or two months; weaker 
solutions are less stable- Though a fractional normal solution can be made from a 
normal by dilution it is always a safer procedure to check the finished product by 
titrating it with a fractional normal solution known to be correct. 

SULPHURIC ACID SOLUTIONS 

Standard Normal Sulphuric Acid. — Principle.— The strength of a solution 
of sulphuric acid, slightly stronger than normal, is determined by titration against a 
known amount of sodium carbonate. It is then diluted to exactly normal and the 
dilution confirmed by titration. 

Chemicals .— Sulphuric acid H 5 S0„ Sp. Gr. 1.81. 

Sodium carbonate Na.COj, anhydrous, C.P. special. 

Methyl orange NaC u H,,N»S0 3 . 

Reagents . — Methyl Orange. — Dissolve 0.1 gram of methjl orange in water and 
dilute to 100 c.c. 

Normal Sodium Carbonate Solution . — Dry the sodium carbonate in an oven at 
105“ C. for 3 to 4 hours. Weigh on an analytical balance 5.300 grams; transfer 
quantitatively to a 100 c.c. volumetric flask; dissolve in water and dilute to the 
graduation with water. 

Procedure. — 1. In a 2 liter beaker containing about 1100 c.c. water, slowly add 
about 33 c.c. sulphuric acid while stirring. Cool and transfer to a 2 liter glass- 
stoppered bottle. Mix thoroughly. Fill a 25 c.c. buret. 

2. Into a casserole pipet accurately 20 c.c. of the normal carbonate solution. 
Add 2 drops methyl orange reagent. Titrate with the acid solution from the buret 
until a faint pink color remains on stirring. Read the amount of acid solution 
required from the buret. Repeat the titration with another 20 c.c. of the carbonate. 
They should check within 0.1 c.c. 

3. Calculate the dilution as follows; 

N = average of titrations in c.c. 

IF = c.c. of water to be added to the liter volumetric flask 
r = 50 (20 — N) 
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HYDEOCHLOEIO ACID SOLUTIONS 

Standard Normal Hydrochloric Acid Solution. — Principle . — The strength of 
a solution of hydrochloric acid, slightly stronger than norma], is determined by 
titration against a known amount of sodium carbonate. It is then diluted to exactly 
normal and the dilution confirmed by titration. 

Chemicals.— Hydrochloric acid HC1, Sp. Gr. 1.18-1.19, 35% 

Sodium carbonate Na.COj anhydrous C.P. special. 

Methyl orange NaC u H} { N t SOj. 

Reagents . — Methyl Orange . — Dissolve 0.1 gram of methyl orange in water and 
dilute to 100 c.c. 

Normal Sodium Carbonate Solution . — Dry the sodium carbonate in an oven 
at 105“ C. for 3 to 4 hours. Weigh on*an analytical balance 5.300 grams; transfer 
quantitatively to a 100 c.c. volumetric flask; dissolve in water and dilute to the 
graduation with water. 

Procedure. — 1. Dilute approximately 100 ex. of concentrated hydrochloric 
acid with water to 1 liter. Mix thoroughly. 

2. Into a casserole pipet accurately 20 c.c. of the normal carbonate solution. 
Add 2 drops methyl orange reagent. Titrate with the ncid solution from a buret, 
using methyl orange solution for the indicator. The end point is a faint pink. The 
amount of acid solution used should be between 19.9 and 20.1 cx. 

If less than 19.9 c.c. of acid solution are required for the titration, add water 
using Formula No. 1. 

If more than 20.1 c.c. of acid solution are required for the titration, add con- 
centrated acid using Formula No. 2. 

3. Calculate the dilution as follows: 

V = c.c. of acid solution remaining after titration. 

T = c.c. of acid solution used in titrating. 

D = difference in c.c. between T and 20. 


Formula No. I — ^ — 


= c.c. of water to be added to acid solution. 


Form laN 2 ~ ^ ^ ^ 0.1 = c.c. d{ concentrated sulphuric acid to be added to 
u * T the acid solution. 

Standard N/10 and N/100 Hydrochloric Acids.— N/10 and N/100 hydro- 
chloric acids may he prepared by accurately diluting the normal with distilled 
water. To make an N/10 solution, dilute 1 volume of normal to 10 volumes using 
distilled water. 

To make an N/100 solution dilute 1 volume of normal to 100 volumes using 
distilled water. 


SODIUM HYDROXIDE SOLUTIONS 

Principle. — Since sodium hydroxide contains carbonate and is not suitable for 
many hydroxide solutions it j3 desirable to make a concentrated stock solution 
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3. To calculate the amount of distilled ivatcr which must he added to make it 
exactly N/10, calculate aa follows: 

V := c.c. of hydroxide solution remaining after titration. 

T = c.c. of hydroxide solution used in titrating. 

D = c.c. difference between T and 25. 

— ^ — = c.c. of water to he added to the hydroxide solution. 

4. After addition of water check by titration to be certain that the solution is 
exactly N/10. 

5. Keep in a rubber stoppered bottle. 

0. Check the normality every few weeks. 

N/100 Sodium Hydroxide Solution. — Dilute the N/10 standard 1:10. Titrate 
against N/100 hydrochloric acid solution u«tng phenol phthnlein as an indicator. 

PREPARATION OF TENT II NORMAL POTASSIUM PERMANGANATE 
AND SODIUM OXALATE 

Principle. — Tenth normal sodium oxalate is prepared by accurately weighing 
pure sodium oxalate, dissolving and diluting to a definite volume. The potassium 
permanganate solution is prepared slightly stronger, titrated against the oxalate 
and finally diluted to the exact normality. 

Materials. — ■Chemicals. — Potassium permanganate, KMnO,. Sodium oxalate, 
Na.CjO,, (Sorenson special). Sulphuric acid, H ; S0 4 . 

Method. — Sodium oxalate, N/10:— dry about 10 gra. of the pure sodium oxalate 
in a drying oven at 105° C. for 3-4 hours. Weigh accurately 0.700 gms., dissohe 
in water and transfer quantitatively to a liter volumetric flask. Add 30 c.c. of 
concentrated sulphuric acid. Cool and dilute to mark. Mix. This is exactly N/10 
sodium oxalate. 

Potassium permanganate, N/10: — dissolve about 3.5 gms. potassium per- 
manganate in about 1100 c.c. water. Set aside for about one v*eck before standard- 
izing. Be careful that all is dissolved. Till the buret with this solution. 

Accurately pipet 20 C.c. of the N/10 sodium oxalate solution into a casserole 
and warm to about 75 degrees. Titrate with the potassium permanganate until a 
faint pink color persists as the end point. Note the amount of permanganate used. 
Repeat and check within 0.1 c.c. 

Calculation. 

T — average titration in c.c. 

W — c.C. water to be added to the volumetric flask. 

W = 50 (20-T). 

Place W c.c. water in a liter volumetric flask. Add the permanganate solution to 
the mark. Mix thoroughly. This should he exactly N/10 permanganate. It is well to 
repeat the titration as above. The titration should be 20.00 c.c. 

Notes. — The permanganate after titration should be kept in a dark place. The 
solution may change after it has been freshly" prepared but after standing the 
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N/10 Potassium Dichromate Solution.— Dissolve 4.9035 gms. of reagent 
potassium dichr ornate (K 3 Cr s O r ), which has been pulverized and dried to constant 
weight at 120° Centigrade, in sufficient distilled water to measure exactly lOOQcx. 
at standard temperature. 

Starch Test Solution. — Triturate 1 gm. of arrowroot starch with 10 c.c. of 
cold distilled water and pour slowly with constant stirring into 200 c.c. of boiling 
distilled water. Boil the mixture until a thin, translucent fluid is obtained. Allow 
to settle and use only the clear, supernatant liquid. Longer boiling than necessary 
renders the test solution less sensitive. The test solution mu«t he freshly prepared. 

PREPARATION Or ••NORMAL” PHYSIOLOGICAL SALINE SOLUTION 

Physiological saline solution, or normal saline, also known as 0.85% sodium 
chloride solution for intravenous u^e, must be a sterile solution containing 0.85% of 
sodium chloride, chemical pure, in distilled water. The solution must be free of any 
minute particles and foreign chemicals. For the preparation of the solution the 
water must be freshly distilled. 

The principle of this method consists of the preparation and standardization, by 
means of a chemical titration, of a 13.6% sodium chloride solution which is made 
once a week and is known as the stock saline solution. This solution is diluted 
each day with fresh distilled water, 1 liter of it to 35 liters of water, thereby 
obtaining a 0.85% solution of sodium chloride known as the physiological saline 
solution. This saline solution is also titrated to determine its per cent of sodium 
chloride, thereby checking any error that might lia\ e been nSade in diluting the 
stock saline solution. Both stock and physiological solutions are mixed in their 
preparation by drawing air through them, using a filter pump, water jet form, 
marketed by A, II. Thomas Co. The air is washed by drawing it through soda lime, 
a weak sulphuric acid solution and finely distilled water. An empty flask is placed 
between the suction pump and the solution being mixed, as a precaution against 
the filter pump “hack firing.” 

Stock and physiological solutions are filtered by means of sintered glass filters, 
no paper filters being used at any time. A sintered glass filter consists of a disk of 
porous glass sealed in the mouth of a funnel. The filter is immersed in the solution 
to be filtered, the end of the neck of the filter is connected by means of rubbcT 
tubing to a perforated rubber stopper in the mouth of an empty carboy in which a 
vacuum is created by means of the filter pump, the filtrate being drawn through 
the neck of the filter, the rubber tubing and into the empty carboy. 

The physiological saline solution having been standardized and filtered, is 
bottled in Pyiex Erienmeyer flasks. Each flask is labeled with permanently baked-in 
letters “Normal Saline 0.85%.” The flasks are stoppered with a paper cap or hood, 
the skirt or side of the cap completely covering the neck of the flask. The cap is 
held firmly around the neck of the flask by means of 2 wire loops that are tightened 
by twisting, using a tool such as is used in tightening the wire on a champagne 
bottle. The operation of tightening the wires requires but a few seconds of time. 
Each tap is stamped on the lop with the date that the solution was made. 
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The flasks are then placed in large wire baskets capable of holding eight 2 liter 
flasks, each flask being in a separate compartment. 

Each flask of solution is then sterilized within a few hours after its preparation. 
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PREPARATION OF STOCK SALINE SOLUTION 

A 13.6% solution of chemical pure sodium chloride and freshly distilled water 
is prepared once a week. Ten liters are prepared in a 5 gallon Pyrex carboy. The 
solution is mixed by drawing air through it as described above. Its exact sodium 
chloride content is determined by means of a chemical titiation which will check 
any error in weighing or dilution. 

Several solutions are required for the titration. These are called slock solutions, 
to differentiate them from a group of similar solutions but of a weaker concen- 
tration used in titrating the standard saline solution. 

Stock Silver Nitrate Solution. — Weigh on an analytical balance 39.529 grams 
of silver nitrate, dissolve in distilled water and dilute to a volume of 100 c.c. Keep 
in a glass-stoppered brown bottle. 

Stock Ammonium Thiocyanate Solution. — 180 grams of ammonium thiocy- 
anate are dissolved in distilled water and diluted to a volume of 1 liter. This 
solution must be standardized against the stock silver nitrate solution, so that one 
volume of it will be equivalent to one volume of the silver solution. This is 
accomplished by pipeting 15 c.c. of stock silver nitxate solution into a 250 c.c. 
Erlenmeyer flask to which is added 15 c.c. of concentrated C.P. nitric acid, 0.3 
gram of powdered ferric ammonium sulphate and approximately 30 c.c. of dis- 
tilled water. A 25 c.c. buret is filled with the stock ammonium thiocyanate solution 
which is slowly titrated into the Erlenmeyer flask until a salmon pink end point is 
obtained that will persist for 15 seconds. If the buret reading is 15 c.c. the stock 
ammonium thiocyanate is correct. If less than 15 c.c. w r ere used the thiocyanate 
solution is too concentrated and must he diluted using the formula: 

~- me ^rc m ? n : Thio. ^ Qg — Titre) = c.c. of distilled -water to he added, 
litre 

If the reading of the buret was greater than 15 c.c. then the stork thiocyanate 
solution is weak in concentration and ammonium thiocyanate must be added using 
the formula: 

V olume Ammon . Thi m^ ^ (Titre — 15) X 0.18 = grams of ammonium thiocyanate 

to be added 

i 

All the reagents are now ready to titrate the slock saline solution. 

Titration of Stock Saline Solution. — Into a 250 c.c. Erlenmeyer flask pipette 
10 c.c. of stock saline solution, 15 c.c. of stock silver nitrate solution, 15 c.c. of 
concentrated C.P. nitric acid and 0.3 gram of powdered ferric ammonium sulphate. 
Allow the flask to stand 5 minutes in a dark place, then titrate with the stock 
ammonium thiocyanate solution. If the stock saline solution is of a correct con- 
centration then 10 c.c. of it will combine with 10 c.c. of the stock silver nitrate 
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solution, therefore requiring 5 c.c. of the stock ammonium thiocyanate solution to 
bring the titration to the proper end point. If less than S c.c. of the thiocyanate 
solution were used the stock saline solution is of loo strong a concentration and is 
diluted, using the formula: 


Volume Stock Saline Sol. 
10 


X (5— ■ Tilre) = c.C. of distilled water to he added to the 
stock saline solution. 


If more than 5 c.c. of stock ammonium thiocyanate solution was required for 
the titration then the stock saline solution i« weak in concentration and must be 
strengthened with sodium chloride using the formula: 


Volume Stock Saline Sol. 

To 


X (Titre — 5) X 0.136 = grams of sodium chloride to be 
added to the stock saline 
solution. 


After the stock saline solution is found to he of the correct concentration, it is 
filtered through the sintered glass filters as described above and is then ready for 
dilution to make standard saline solution. 

Preparation of Standard Solutions foT Titrating 0.85% Saline Solution. 
— Using a, liter volumetric fla«k transfer 1 liter of Rtock saline solution to a five 
gallon Pyrex flask carboy, then add 15 liters of freshly distilled water, and mix 
the solution by drawing air through it for about 20 minutes. This solution is 
physiological saline solution and should contain 0.85% of sodium chloride. To 
check any error that might have been made it is titrated with reagents similar to 
the ones used in titrating the Stock saline solution, except that these reagents are 
weaker in concentration and are called “standard solutions” to differentiate them 
from the stock solutions mentioned above. 

Standard Silver Nitrate Solution.— Weigh on an analytical balance 2.47 
grams of silver nitrate C.P., dissolve in distilled water and dilute to a volume of 
100 c.c. Keep in a glass-stoppered brown bottle. 1 c.c. of this solution is equivalent 
to 1 c.c. of 0.85% Bodium chloride solution. 

Standard Ammonium Thiocyanate Solution. — Dissolve 11.25 grams of am- 
monium thiocyanate C.P. in distilled water and dilute to a volume of 1 liter. This 
solution must be standardized against the standard silver nitrate solution in the 
same manner that the stock ammonium thiocyanate solution was standardized against 
the stock silver nitrate solution, Le., 15 c.c. of standard silver nitrate are pipeted 
into a 250 c.c. Erlenmeyer flask to which is added 15 c.c. of concentrated nitric 
acid C.P. and 0.3 gram of powdered ferric ammonium sulphate. Approximately 
15 c.c. of distilled water are added. The flask is mixed and kept in a dark place 
for five minutes. Fill a 25 c.c. buret with the standard ammonium thiocyanate 
solution and titrate into the flask to a salmon pink end point. If the buret reading 
is 15 c.c. the thiocyanate solution is correct and 1 c.c. of standard ammonium 
thiocyanate solution is equivalent to 1 c.c. of standard silver nitrate solution. H 
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( 

less than 15 c.c. of the thiocyanate solution was used it is strong in concentration 
and must be diluted with distilled water using the formula: 


Volume Ammon. Thio. 
Tit re 


X (15 


Tilre) = c.c. distilled water to be added to standard 
ammonium thiocyanate solution. 


If more than 15 c.c. of thiocyanate solution were used, it is weak in concentration 
and ammonium thiocyanate must be added using the formula: 


Volume Ammon, Thio. 
Time 


X (Titre — 15) X 0.01125 = grams ammonium thiocyanate 
to be added to tire standard ammoniuih 
thiocyanate solution. 


These standard reagents are now ready for use. 

Titration of Physiological Saline Solution. — Pipet 20 c.c. of physiological 
saline solution into a 250 c.c. Erlenmeyer flask, add 25 c.c. of standard silver 
nitrate solution, 15 c.c. of concentrated nitric acid C.P. and 0.3 gram of powdered 
ferric ammonium sulphate. Mix and allow to stand in a dark place for 5 minutes, 
then titrate it with standard ammonium thiocyanate solution to a salmon pink end 
point. If the reading of the buret is 5 c.c. the saline is of the correct concentration. 
If the reading is less than 5 c.c., the saline solution is strong in concentration and 
must he diluted with distilled water using the formula: 

T otal Volume of Saline ^ (5_Tiire) c.c. of distilled water to be added to the plty«i- 
^ ological saline solution. 

If more than 5 c.c. of standard ammonium thiocyanate solution were used, the 
physiological saline solution is weak in concentration of sodium chloride and 
more stock saline solution must be added using the formula: 


T otal \ olume of Saline ^ (Titi e-5j^__ c c gtoc ], sa |j ne solution to he added to 
20 15 the physiological saline solution. 


If it was necessary to make any adjustment to the physiological saline solution it 
must he mixed by drawing air through it and again titrating to make certain that 
it is of the correct concentration. 

The physiological saline solution is then filtered through the sinteied glass 
filters and is ready for bottling. 

Dispensing. — The physiological saline solution is dispensed by syphoning it 
into a volumetric flask of the desired volume and then pouring the contents into a 
permanently labeled flask, which has been thoroughly washed with hot water and 
soap and rinsed with tap water and finally, distilled water. The flasks are capped 
immediately in order that no dust particles may enter. The caps are held in place 
by mean's of two wire loops, one at the upper and one at trie lower part of the 
skirt of the cap. The loops are tightened by means of a hook on the end of a 
twisted rod, on which a nut, in the form of a handle, is screwed. The operator 
holds the handle and pulls, thereby turning the rod and likewise twisting the wire 
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loop. Each flask must be examined before it leaves the laboratory for the steriliza- 
tion room where it is autoclaved a short time alter its manufacture. 

The paper caps can be stamped with the date of manufacture. 

This method of manufacturing physiological saline solution is efficient, scientific 
and inexpensive. 

Tliis 13.69& stock saline solution can he safely kept for a week or even longer 
as no bacteria will grow in it due to its high concentration of sodium chloride. 




: 1 . chapter xxxiv , : 

; METHODS FOR THE CHEMICAL EXAMINATION OF 

1 ' . V \ ' the blood i . - , , ' 

' • ! PREPARATION OF GLASSWARE 

' - . - l. ; Glassware should be washed as soon after use as possible. Wash with tap, . 

, . water, using a solution of soap made by dissolving a soap powder or chips in tap, 

, water. Rinse thoroughly with tap water and finally with distilled water arid allow .: 

. ' to dry; i ■ . _ • • " ‘ . 

, ■ 2. A tall crock or cylinder full of tap water with a layer of cotton in the bottom 

' should be kept near to receive soiled pipets immediately "after using. To wash pipets 

, hold them in the flowing tap water, or better, use ,a water suction pump attached 

to the faucet. Place the one end of the pipet in the rubber tube connected with the 
pump and the other end in a container of .tap water and allow the pump to suck 
the water from the container through the pipet for about half a minute. Remove 
■■ the pipet from the rubber tube and allow a little distilled water to run through the 
pipet, then put aside to dry. ‘ ■ 

' 3. When glass retains a cloudiness that cannot be removed by means of -washing 
with, soap, use potassium dichromate sulphuric acid cleaning solution, made as 
‘ follows:’ . • 


Technical potassium dichromate .......... 5 gm. 

Technical sulphuric acid ; ; 450 c.c. 

Water ' 50 c.c. 


Dissolve the dichromate in the water with heat before adding the acid. 

• Fill beakers and flasks with cleaning solution and place pipets in a tall cylinder 
/ full of solution and allow to remain twenty-four hours. 

4. The cleaning fluid . can be used repeatedly and when it appears to lose its 
, strength add more potassium dichromate and sulphuric acid. 

/. . - COLLECTION - OF- BLOOD 

1. Blood is usually taken from' a vein at the elbow with a sterile syringe, the 
• technic being described and illustrated in Chapter XXVX Blood may. also be taken 
■, ■ front afinger, if a micromelhod of analysis is to be conducted, as in blood; sugah . 

:: determinations. Umbilical cord blood may be secured at birth or specimens oh-, 

! ’ .tained from infants and' young children hy puncture of the external jugular veins 
; . or superior longitudinal sinus, the methods being described, and illustrated in- , 

= ‘ Chapter XXVI. /• •. . : -'S . 

- v' •• f ‘ - 709 A$ 
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2, After standard ization of diet and exercise, a pneumatic tourniquet is applied 
to the arm at a pressure sufficient to obstruct the venous hut not the arterial cir- 
culation. Blood is withdrawn with a syringe and needle and transferred to a test 
tube. 

3. If the method of analysis requires serum a rubber stopper is inserted into the 
test tube and the blood is allowed to dot. If whole blood or plasma is required 
for the analysis an anticoagulant must he present, a rubber stopper is inserted and 

the test tube inverted several times in order that the 
anticoagulant may come in contact with all the blood. 

4. Sodium oxalate is the most generally used 
anticoagulant; an excess should be avoided. 

5. Preparation of Oxalated Tubes. — Pipet 05 
c.c. of a hot saturated sodium oxalate solution into 
test tubes. At low heat and with constant rotation 
evaporate the solution, leaving the dry sodium oxa- 
late deposited in a finely divided state about the 
sides of the tubes. When cool insert a rubber stopper. 

0. Blood sugar is rapidly destroyed (glycolysis) 
on standing and specimens intended for sugar de- 
termination or sugar and other determinations should 
have sodium fluoride (C.P. powder) added as a 
preservative and anticoagulant in the proportion of 
60 milligrams per 10 c.c. of blood if the determina- 
tion cannot he made almost immediately. As sodium 
fluoride is not very soluble, it is necessary to mix 
thoroughly to prevent clotting. If the blood is on the 
point of coagulating. It is v\ell to add oxalate also. 
Fluoride should not be added to specimens intended 
jor nren determination oi results nill be too lo«- 
The addition of thymol to the fluoride is recom- 
mended for preventing or greatly inhibiting glycolysis for several days. Chloro- 
benzol may be used as a preservative for specimens to be kept up to ten days 
or longer for sugar determinations. When possible, blood samples are exam- 
ined immediately after withdrawal. However, blood may be preserved in paraffin- 
coated tubes at a temperature of 0° C. to 5° C. for several days with practically no 
change in the usually sought constituents except carbon dioxide and hydrogen ion 
concentration. 

7. A blood sample for the determination of hydrogen ion concentration is drawn 
in a special manner, in a centrifuge tube or heavy-walled test tube, under paraffin 
oil to avoid contact with air, and without stasis in the vein (Fig 350). 

8. In the jolloii mg pages whenever directed to “dilute to the mark,” distilled 
unter is to be used unless some other solution is especially mentioned. The lion? 

water altcays implies distilled water. All solutions must be thoroughly mixed 
after diluting to the final volume, unless instructed to the contrary. 



lectinc Dluoo foii Deter- 
mination or pH on Carbon 
Dioxide 
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9. The chemicals used are all of the grade of C.P. Analyzed Chemicals, unless 
otherwise mentioned. 

10. The table on pages 712-713 indicates the amounts of blood, serum or plasma , 
ordinarily ^required for the various determinations according to the methods in- 
dicated; it also shows the normal values. 

w i 

PREPARATION OF PROTEIN-FREE FILTRATE 
IJadens Modification o) Folin and JFu’s* Method. 

Principle. — -The proteins of blood aie completely removed by filtration follow- 
ing precipitation with tungstic acid, which is formed by the interaction of sodium 
tungstate and sulphuiic acid. 


fog mwm 



*** 5 >*- 






ito3 c«ir»TO*sai *t k* 


NOl ec/*«$0rl* 


Ziual 


Fir,. 351. — Ostwaui-Foi.in Fipets 


Materials. — Sulphuric acid, H 2 S0 4 . Sodium tungstate, Na 2 W0 4 :2II 2 0, special 
according to Dr. Folin. 

Reagents. — 1. Sulphuric acid N/12: Prepared as described in Chapter XXXIII. 

2. Sodium, tungstate solution: dissolve 10 grams of sodium tungstate in water 
and dilute to 100 c.c. 

3. The filter paper should he ammonia-free; diameters 9 to 12.5 centimeters. 
Whatman No. 2 is lecommended. 

Procedure. — 1. Transfer 8 volumes of N/12 sulphuric acid to a flask with a 
capacity of about 125 c.c. 

2. Add 1 volume of oxalated whole blood. Ostwald-Folin pipets (Fig. 3511 
should he used, and limed with the acid blood mixture several times. Allow to 
stand until the blood is laked as shown by the formation of brovn acid hematin. 

3. Add 1 volume of the sodium tungstate solution. Stopper the flask and shake 
thoroughly. The coagulum should be dark brown with little or no fiothing. 
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4. niter the mixture. The filtrate should be perfectly clear. Instead of filtering 
the mixture may be centrifuged. For the filtration of larger amounts, the Gooch 
crucible (Fig. 352) may be emplojed. 

5. If the filtrate is not to be used within a short time it should be placed in the 
refrigerator. If it is to be kept longer than two days, a few drops of toluene 

should be added to prevent bacterial decomposi- 
tion. Filtrates from oxalated blood may be kept 
overnight in the refrigerator without appreciable 
loss of sugar or uric acid; standing several days 
has little effect on the non-protein nitrogen, creat- 
inine or creatine values. 

Notes. — 1. If there is much foaming and the 
coagulum assumes a brownbh-pink instead of a 
dark brown color, it is usually because too much 
oxalate is present. In such a case the sample can 
generally be saved by adding 10'/ sulphuric acid, 
1 drop at a time, shaking vigorously after each 
drop, and continuing until there is practically no 
foaming and until the dark brown color has ap- 
peared. 

2. If the filtrate is not clear, the precipitate and 
the filtrate should be returned to the flask and 10/ 
sulphuric acid added ns above to complete the 

F«c. 352. — Filtration with I ,rotein precipitation. 

the Gooch Crucible 3. The filtrate should be nearly neutral when 

the reagents arc properly adjusted. With Congo 
red the filtrate should give a negntive test and with blue litmus a positive 
test. Excess acidity will result in precipitation of uric acid and will give trou- 
ble in the determination of sugar by the new Folin method. To he suitable for 
the determination of sugar by the Folin method 10 c.c. of filtrate on titration 
with N/10 sodium hydroxide and 1 drop of phenolpbthaleiir should give an end- 
point with about 0.2 c.c. Hadcn reports 0.42 c.c. N/10 sodium hydroxide as an 
average titration figure for 10 c.c. filtrate. 

DETERMINATION OF UREA NITROGEN 
Karr's Method 

Principle. — Protein-free blood filtrate is incubated with urease and phosphate 
buffer solution. The resultant solution is nesslerized and compared colorimetrically 
with a similarly treated standard urea solution. 

Materials. — Two test tubes each graduated at 22.5 and 25 c.c. 

Chemicals.— Gum ghatti. 

Jack bean meal. 

Alcohol C.H s OH, 95% U.S.P. 
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Metaphosphoric acid, HPOj. 

Sodium pyrophosphate, NaJL0 7 10H = 0. 

Uiea ()NH,),CO. 

Sodium hydioxidc, NaOH. 

Mercury, Hg. 

Iodine, I> 

Potassium iodide, KI. 

Permutit. 

Reagents. — 1. Urease . — Place about 3 grams of permutit in a 500 e.c. flask. 
Add SO c.c. of 2% acetic acid. Shake. Allow the permutit to settle, then discard 
the supernatant fluid. Wash the permutit twice with 50 c.c. of water, discarding 
each time. To the washed permutit add 15 grams of jack bean meal. Add a mixture 
of 16 c.c. of alcohol and 84 c.c. of water. Shake gently but continuously for 15 
minutes. Allow to stand overnight in a refrigerator. When the supernatant fluid 
is clear, transfer it to small flasks, keeping them tightly stoppered in a refrigerator. 

2. Phosphate Buffer. — Dissolve 14 grams of sodium pyrophosphate and 2 grams 
of the metaphosphoric acid in water and dilute to 250 c.c. 

3. Urea Nitrogen Stock Solution. — Dissolve 0J286 gram of urea in water and 
dilute to 200 c.c. (5 c.c. contains 1.5 milligrams urea nitrogen). 

4. Urea Nitrogen Standard Solution. — Place 5 c.c. of the stock urea solution 
in a 100 c.c. Volumetric flask and dilute to mark (5 c.c. contains 0.075 milligram 
urea nitrogen) . 

5. Nessler Solution. — See directions under Determination of Nonprotein 
Nitrogen, page 719. 

6. Gum Ghalti. — Dissolve 1 gram in 100 c.c. of water. Strain through washed 
gauze. 

Procedure. — Into an ordinary test tube marked S, pipet 5 c.c. of the standard 
solution of urea; into another tube marked B, pipet 5 c.c. of the protein-free blood 
filtrate (see page 711). Into each add 5 drops of the urease solution and 5 drops 
of the phosphate buffer solution. Place tubes in water hath at 50° C. for ten 
minutes. At the end of this time transfer quantitatively the solutions in each tube 
to the graduated tubes (marked S and B ) . Wash out the tube twice with about 5 c.c. 
of W’ater into the graduated tube. Add 1 drop of 1% gum gliatti solution and dilute 
to the low'er mark with water. Add the Nessler solution to the 2 d c.c. mark. Mix by 
inverting. Compare in colorimeter. 

Calculation : 

x — milligrams urea nitrogen in 100 c.c. of blood 
S — reading of the standard (contents of lube 5) 

R =z reading of the blood filtrate (contents of lube B ) 

= if R is set at 15 mm. 

Notes. — 1. The normal range is about 10 to 15 milligrams urea nitrogen in 100 
C.c. of blood. 
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2. The tubes in which the filtrate and standard are incubated must be kept clean 
and never used to contain the Nessler solution. 

3. With bloods known or thought to have a high urea nitrogen content, use less 
filtrate and make corresponding calculation. For a large number of determinations 
at one time, an artificial standard may be used. The amount of urea nitrogen in the 
blood is affected by diet. Urea nitrogen is increased above normal in kidney 
insufficiency. Retention may be said to exist when the concentration readies 20 
milligrams in 100 c.c. of blood. 

MICROMETHOD TOR DETERMINING UREA NITROGEN 
Keller's Method 

Principle. — -Protein-free blood filtrate is incubated with urease and a buffer 
solution. The resultant solution is nesderized and compared colorimetrically with 
a similarly treated standard urea solution. 

Materials. — -Two small test tubes each graduated at 9 and 10 c.c. 

Reagents. — Same as for Karr’s Method, Tungstic Acid Solution . — Transfer 20 
c.c. o! 10 per cent sodium tungstate to a liter volumetric flask. Add about 700 c.e. 
of water. Add, with shaking, 160 c.c. of N/12 sulphuric acid and dilute with water 
to 1 liter. 

Procedure. — 1. Place 9.8 c.c. of tungstic acid solution in a 15 c.c. centrifuge 
tube. Prick finger with a‘ lancet so that the blood flows freely. Using a 0.2 c.c. 
serological pipet, collect 0.2 c.c. of Mood. Introduce into the centrifuge tube and 
rinse pipet. Stopper and mix. Then centrifuge at a high velocity for a period of 
five minutes. 

2. Into a small test tube “B” pipet 4 c.c. of the supernatant fluid. Into another 
small test tube “S” pipet 1 c.c. of urea nitrogen standard solution. To each tube 
add 3 drops of urease and 3 drops of buffet solution. 

3. Digest for 10 minutes at 50® C. 

4. Transfer contents to respective graduated tubes, rinsing with water and 
diluting to 9 c.c. mark. Add Nessler’s solution to 10 c.c. mark. 

5. Compare colori metrically. 

Calculation. — Set the unknown sample at 15 millimeters, when 1.25 times the 
reading of the standard gives milligram of urea nitrogen per 100 c.c. of blood. 

DETERMINATION OF UREA NITROGEN 
( Van Slyke Manometric Method) 

Principles. — Alkaline hypobromite is* caused to react with the urea in the 
tungstic acid filtrate in the reaction chamber of the Van Slyke-Neill closed type 
manometric apparatus and the pressure of liberated nitrogen measured at definite 
volume. 

Materials.— Van Slyke-Neill closed type manometric apparatus (Fig. 353). 
Two Ostwald-Van Slyke pipets with stop cocks, one graduated at 1 c.c., the other 
at 5 c.c. Both should be rubber tipped (Fig. 354) . 
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Reagents. — 1 . 40 % sodium hydroxide solution. 2. Bromine solution : Dissolve 
60 gms. potassium bromide in 100 c.c. water. Add 2.5 gms. liquid bromine. The 
resultant yellow solution keeps many months in a ground glass-stoppered bottle. 
Sufficient alkaline bypobromite is prepared for the day’s use by mixing these two 


solutions in the proportions of 1.25 c.c. of 
bromine solution to 0.75 c.c. of sodium 
hydroxide. 

Procedure. — 1. The reaction chamber 
is filled with mercury by raising the level- 
ing bulb to the upper position, opening 
the stop cock above the reaction chamber 
and manipulating the stop cock leading 
from the leveling bulb to the reaction 
chamber and a small amount of mercury 
is allowed to run over into the cup above 
the chamber. 

2. Using the 5 c.c. rubber-tipped pipet. 
the tungstic acid filtrate is drawn up to 
the upper mark. 

3. Place the rubber-tipped end into the 
cup and press it firmly against the stop 
cock at the top of reaction chamber; open 
this stop cock and the one on the pipet and 
by lowering the mercury in the reaction 
chamber allow the filtrate to run into the 
chamber until 5 c.c. has been admitted. 
The flow of filliate may be readily con- 
trolled by the slop cock with which the 
mercury level is controlled. Closing this 
stop cock slops the flow of filtrate instantly. 

4. Close the stop cock on the 5 c.c. 
pipet and remove it from the cup. 

5. Close the slop cock at the top of the 
leaction chamber and by lowering the lev- 
eling bulb and manipulating the lower stop 
cock the mercury level is brought to the 
50 c.c. mark. Close the lower stop cock. 



Fjc. 353. — Van Sli ke-Nejll Closed Type 
Manometric Apparatus 


6. Shake for one minute to remove adsorbed air. 


7. Allow the mercury to flow hack into the reaction chamber slowly as far as it 
will go. then by slowly turning the upper slop cock of the leaction chamber, permit 
the air bubble to escape, being careful that none of the filtrate is lost. 

8. Using the 1 c.c. rubber-lipped pipet, draw up the alkaline bypobromite to the 
upper mark and allow it to flow into the reaction chamber in the same manner 


that the filtrate was introduced. 
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9 . After closing the pipet stop cock remove it and allow a little mercury from 
the cup to drain into the reaction chamber, thus sealing the hole of the stop cock 
with mercury. 

10. Draw the mercury down to the SO c.c. mark and shake for 2 minutes. 

< ~ ~ t — -IT \ ™ «:-•£ 1 

Fig. 351. — Ostwalo Van Siyke Pirrr 

11. Allow the mercury to run back into the reaction chamber until the level of 
the aqueous liquid is at the 0.5 c.c. mark. 

12. Read the level of the mercury in the manometer tube and the temperature 
of the water jacket, and then allow it to refill the tube. 

13. Expel the gas from the reaction chamber by opening the stop cock at the 
top of the reaction chamber. 

TABLE II 


FAcrons by Which Manometer Headivcs Anc Multiplied to Cue Urea and Urea N. 
Content or Blood When 5 c.c or Tuscstic Acid Filtrate Is Used 


1 


Mgm. Urea 
When Cas 

per 100 ex. 

Volume Is 


2 cc. 

05 c.c. 

2 c.c. 

15 

0.1561 

0 62t 

0.335 

1.336 

16 

55 

22 

31 

31 

17 

49 

20 

32 

26 

18 

44 

18 

31 

22 

19 

38 

15 

30 

17 

20 

33 

13 

29 

13 

21 

27 

11 

28 

08 

22 

22 

09 

27 

03 

23 

16 

06 

25 

1.298 

24 

n 

01 

21 

94 


0<5 

02 

23 

90 

26 

00 

00 

22 

85 

27 

0.1493 

0.598 

21 

80 

28 

90 

96 

20 

76 

29 

83 

91 

19 

72 

30 

80 

92 

18 

67 


74 

90 

16 

62 

7>1 


1% 

Vo 



M 

86 

14 

54 

34 

59 

84 

13 

50 


14. Close this slop cock and bring the level o{ the aqueous liquid again to the 
0.5 c.c. level. Read the manometer. This is the zero reading and need only be made 
occasional!), it being constant for any one arrangement of the apparatus. 

If high urea figures are expected (this can be ascertained if the mercury in the 
manometer begins to rise rapidly as the liberated nitrogen is compressed in the 
reaction chamber), then the manornetric reading is taken when the liquid level in 
the chamber reaches the 2 c.c. mark. From this reading is then subtracted the 
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manometer reading obtained after the nitrogen is expelled and the level of the 
liquid returned to the 2 c.c. mark. 

Calculation. — The difference between the two leadings is multiplied by the 
appropriate factor taken from the table to give mgm. of urea or urea N. per 100 
c.c. of blood. 

Notes. — 1. The measurements, being based on direct observation of substance 
obtained, are independent of standard solutions. Thus it is peculiarly adapted to 
intermittent determinations without the necessity of checking possible deterioration 
of standards. 

2. The simple reagents keep well and lvith practice a determination may be 
completed in 4 to 5 minutes. 

3. The reaction chamber need noL be cleaned between successive determinations. 
An occasional cleaning with dilute lactic acid (by pouring it into the cup and 
allowing it to drain into the reaction chamber) selves to keep the mercuiy free 
of the mercuric oxide which slowly forms. This cleaning, followed by i insing with 
distilled water should be done daily if many determinations are made. Otherwise, 
a daily rinsing with distilled water is sufficient. 

’ 4. The usual source of error is leakage at the reaction chamber stop cock. This 
can be kept ail tight by the use of special lubricant supplied for vacuum stop cocks. 1 

DETERMINATION OF NONPROTEIN NITROGEN 
( I'olin and Wu Method ) 

Principle. — The protein-free blood filtrate is treated with an acid mixture, 
which converts the nitrogen into ammonia. The solution is nesslerized and read 
against a standard ammonium sulphate similarly treated. 

Materials. — One test tube, Pyrex, 75 c'.c, capacity 25X200 mm. graduated at 
35 and 50 c.c. 

Micro burner. 

Retort stand with clamp. 

t 

Chemicals. — Sulphuric acid, H0SO4. 

Phosphoric acid, H 3 P0 4 (syrupy, 85%). 

Copper sulphate, CuS0 4 :5H 2 0. 

Potassium iodide, KI. 

Iodine, I 2 . 

Mercury, Hg. 

Sodium hydroxide, NaOH. 

, Ammonium sulphate, (NH I ) 2 SO, 1 Special pyridine free. 

Reagents. — 1. Acid Digestion Mixture. — Mix 300 c.c. of C.P. syrupy phos- 
phoric acid (05% J with 100 c.c. concentrated C.P. sulphuric acid. Transfer to a 
tall cylinder, cover well to exclude absorption of ammonia, and set aside for sedi- 
mentation of calcium sulphate. At the end of a Aveek or two, pour off the super- 
natant fluid. To 100 c.c. of Abater add the 100 c.c. of the supernatant fluid and 0.6 

VA. H. Thomas’ Lubriseal has proven fairly satisfactory-. 
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gram of copper sulphate previously dissolved in 10 c.c. of water. Ten c- c. of a 
1 : 10 dilution should be neutralized by 9 to 9.3 c.c. of Ne«sler’s reagent, phr- 
nolphthalein being used as indicator. 

2. Mercuric Potassium Iodide Solution . — In a 500 c.c. Florence flask place 
75 grams of potassium iodide, 55 grams of iodine, and 50 c.c. of water. When 
solution has taken place add 25 c.c. of water and 75 grams of mercury. Shake con* 
tinuously until the iodine color fades. Cool the flask under running tap water, then 
continue shaking until the solution has a greenish color due to the formation of the 
double iodide. Decani the solution from the surplus mercury into a liter cylinder. 
Wash the residue several times with water, decanting each cashing into the 
cylinder. Dilute the solution and washings to 1 liter. Filter if necessary. 

3. 10 % Sodium Hydroxide Solution . — Prepared as described in Chapter XXXIII. 

4. A essler’s Reagent . — Place 350 c.c. of 10^ sodium hydroxide solution in a 
500 c.c. volumetric flask, add 75 c.c. of mercuric potassium iodide solution and 
dilute with water to the graduation. Mix. Keep in an aspirator bottle the stopper 
of which has a tube containing soda lime to protect the solution from carbon 
dioxide. Deliver the solution from the Ioiver outlet equipped with a perforated 
rubber stopper, tubing and pinchcock. Discard 1 or 2 c.c. of the solution on first 
use each day. 

Standard Ammonium Sulphate Solution . — Ammonium sulphate (C.P., special, 
pyridine free) should be dried in hot air for one half hour nl 110* C. and then 
allowed to cool 20 minutes in a desiccator. Weigh on an analytical balance 0.4716 
gram. Wash into a beaker to dissolve, then wash into a liter volumetric flask. 
Add 1 c.c. concentrated C.P. hydrochloric acid (to prevent growth of molds). 
Dilute to the mark with distilled water. Keep in a wcll-stoppered bottle labeled 
3 c.c. = 0.3 milligram of nitrogen. 

Notes on Nesslerization. — 1. A slightly excessive concentration of alkali at 
once precipitates the colloidal colored ammonium compound. Local zones of exces- 
sive alkalinity occurring coagulate part of the solution. The Folin reagent is dilute 
enough so that localized zones of alkalinity ordinarily do not occur. 

2. Turbidity in the final solution, aside from that due to silicon dioxide, is 
ordinarily due to the fact that the Nessler’s solution is too strongly alkaline or the 
acid digestion mixture is too weak or too much sulphuric acid has been lo«t during 
digestion. 

3. Large amounts of sulphates lead to the precipitation of the colloidal colored 
ammonium compound. It is for this reason that phosphoric acid is used in the 
digestion mixture. The most disturbing impurity is magnesium in any form and it 
is because of its magnesium content that tap water cannot be used for the prepara- 
tion of solutions which are to be nesslerized. 

4. The use of funnels is primarily to prevent loss of sulphuric acid so thai 
the alkalinity of the nesslerized standard and unknown shall be the same. The 
greater the alkalinity the deeper is the color. In eliminating the loss of sulphuric 
acid fumes there is. also eliminated all danger of losing ammonia together with 
those fumes. 
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Procedure. — 1. Pipet 5 c.c. of protein-free blood filtrate (see page 711) into 
a dry, lipped, thin-walled, 75 c.c. Pyrex lest lube (200 by 25 millimeters) grad- 
uated at 35 c.c. and 50 c.c. 

2. Add 1 c.c. of the sulphuric-phosphoric acid digestion mixture and to prevent 
bumping add a dry Pyrex glass bead or a quartz pebble (may be omitted). 

3. Clamp the test tube in a test tube support and boil vigorously with the micro- 
burner until the characteristic dense acid fumes fill the tube. This will occur in 
from three to seven minutes, depending on the size of the flame. 

4. Turn down the flame so that the contents are just visibly boiling and close 
the mouth of the tube with a short funnel. Continue the heating for two minutes 
from the lime the fumes begin to be unmistakable, even if the solution has become 
clear and colorless at the end of 20 to 40 seconds, as it usually does. If the 
oxidations are not visibly finished at the end of 2 minutes, the heating must be 
continued until the solution is nearly colorless. 

5. Turn out the flame, remove the funnel, and allow to cool. 

6. When cooled to room temperature add distilled water to the 35 c.c. 
mark. 

7. Add Nessler’s reagent to the 50 c.c. mark, insert a clean rubber stopper and 
mix. If the solution is turbid, centrifuge a portion, giving a crystal clear fluid 
above a white sediment (silica). If the sediment is colored, the nesslerization was 
not successful and the determination must be discarded. The unknown and the 
standard should be nesslerized at approximately the same time. 

8. Prepare the standard as follows: Pipet 3 c.c. of ammonium sulphate standard 
into a 100 c.c. volumetric flask. Add 2 c.c. of the digestion mixture. Add about 50 
c.c. of distilled water. Add 30 c.c. Nessler’s reagent. Dilute to the mark and 
mix. 

9. Compare the standard and unknown in the colorimeter, the standard being set 
at 20. 

Calculation: 

20 

— - jj-X 30 = milligrams nonprotein nitrogen per 100 c.c. of blood. 

The table on page 722 shows the nonprotein nitrogen in milligrams per 100 c.c. 
of blood corresponding to the different colorimeter readings with 5 c.c., 2 c.c. or 
1 c.c. of blood filtrate for the test. 

Alternate Calculation. — When using 5 c.c, of blood filtrate, set the un- 
known colorimeter cup at 15 millimeters and multiply the reading of the 
standard cup by 2 which gives milligrams nonprotein nitrogen per 100 c.c. of 
blood. . -> 

Notes. — 1. In the digestion, humping is often a source of serious difficulty. 
The most important cause of bumping lies in the condition of the test tube. 
In dry test tubes and beads the very fine poies are filled with air and until this 
air has been driven out by heat, localized formation of steam occurs and the 
boiling is smooth and even, but as these pores are gradually filled with ‘the 
liquid bumping begins. 
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2. In case of bumping after repeated determinations, heat the tube to red 
heat in a flame, cool and rinse with alcohol. 


TABLE Ul 

Table fob Nonphotein NrmocrN in Blood 
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3. The amount of nonprotein nitrogen in normal blood ranges from 25 to 40 
milligrams per 100 c.c. 

4. The nitrogen estimated by this method represents the nitrogen of Mood 
constituents which are not thrown doun by the precipitant but remain in solution. 
This nitrogen has been called the “nonprotein nitrogen” and “uncoagnlablc 
nitrogen.” Of the total nitrogen of the blood, il is about 1 per cent. Its principally 
known constituents are urea, uric acid, creatinine, creatine and amino-acids. The 
nitrogen in these does not equal the total nonprotein nitrogen. The difference 
has been called the “undetermined nitrogen” and contains principally peptid and 
peptone nitrogen. Urea nitrogen represents from 40 to 65% of the total, with a 
normal average of 50% of the total nonprotein nitrogen. Findings higher than 
40 milligrams indicate nitrogenous retention; the failure of the kidney to eliminate 
waste products. By determining the amounts of the known constituents, particularly 
urea, uric acid and creatinine, more detailed information is obtained than by the 
determination of the total nonprotein nitrogen only. 

5. In the ca«e of bloods containing excessive amounts of nonprotein nitrogen a 
cloudiness results, the determination should he repeated, using 2 or 1 c.c. portions 
of filtrate. 
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DETERMINATION OR AMINO-ACIDS 

{ Folins Method) 

Principle. — The color developed by amino-acids in the presence of beta-naphtho- 
quinone-sulphonie acid and alkali is compared with a standard solution of an 
amino-acid similarly treated. 

Materials. — Glycine (Ammonia-free) Eastman Kodak Co. 

Sodium benzoate, C G H 5 C00Na. 

Hydrochloric acid, HC1. 

Sodium carbonate, Na 2 C0 3 . 

Acetic acid, CH 3 COOH, 99.5 %. 

Sodium acetate, CH 3 C00Na.3H 2 0. 

Sodium thiosulphate, Na 2 S 2 0 3 .5H 2 0. 

Sodium Beta Naphtholquinone sulphonale. 

Methyl red. 

Phen o lphtlialein . 

Reagents. — 1. Slock Acid Glycine Solution. — Make a solution of glycine 
(glyocoll) which will contain 0.1 milligram of nitrogen per c.c. by putting the 
following substances in a 500 c.c. volumetric flask: 


Glycine (pure) 263 rog. 

Sodium benzoate 1 gm. 

N/10 hydrochloric acid q. s. ad 500 c.c. 


This stock solution seems to keep indefinitely. 

2. Standard Acid Glycine Solution. — Transfer 7 c.c. of slock acid glycine 
solution to a test tube and add 3 c.c. of N/10 hydrochloric acid solution. 

3. Special Carbonate Solution. — Fifty c.c. of saturated sodium carbonate solu- 
tion are diluted to a volume of 500 c.c. Titrate 20 c.c. of N/10 hydrochloric acid 
with the sodium carbonate solution using methyl red as an indicator. Dilute so that 
8.5 c.c. are equivalent to 20 c.c. of the acid. The carbonate solution is about 
1 per cent. 

4. Special Acetic Acid — Acetate Solution. — Dilute 100 c.c. of 50% acetic 
acid with an equal volume of 5% sodium acetate. 

5. Sodium Thiosulphate Solution. — Dissohe 4- grams of sodium thiosulphate 
in water and dilute to 100 c.c. 

Procedure. — 1. Place 1 c.c. standard acid glycine in a test tube with a capacity 
of 30 to 35 c.c. Label S. 

2. Add 3 c.c. water. 

3. In similar test tube pipet 5 c.c. of protein-free blood filtrate (see page 711). 
Label B. 

4. Add 1 drop of 0.25% alcoholic phenolphthalein solution to each tube. 

5. Add 1 c.c. special carbonate solution to standard. 

6. Add special carbonate solution to filtrate drop by drop until approximately 
the same shade of pink is reached (3 to 4 small drops are usually required). 
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7. Add S c.c. water to standard. 

8. Prepare a fresh solution of sodium salt of beta-naphthoquinone-sulphonic 
acid (100 milligrams in 20 c.c. water). 

9. Add 2 c.c. of this reagent to standard and 1 c.c. to filtrate. 

10. Shake a little and let stand 19 to 30 hours in a dark cupboard. 

11. Add 2 c.c. of special acetic acid-acetate solution to standard. Add 1 c.c. 
to filtrate. 

12. Add 2 c.c. thiosulphate solution to standard. Add 1 c.c. to filtrate. 

13. Add 14 c.c. water to standard. Final volume equals 30 c.c. Add 7 c.c. 
water to filtrate. Final volume equals 15 c.c. 

14. Mix and compare in colorimeter with B set at 20 mm. 

Calculation : 

gv 7 

X = — ^ — or S X 0.35 = mg. aroino-acid nitrogen per 100 c.c. blood. 

Notes. — 1. The normal amino-acid content is 6 to 8 milligrams per 100 c-c. of 
blood. 

2. Amino-acids are increased in leucemia and in acute yellow atrophy of the 
liver, due to tissue autolysis. 

3. Insulin will reduce the amino-acid content of blood to almost as great a 
degree as the blood sugar. 

DETERMINATION OF CREATININE 
(Folia and JFu's Method) 

Principle. — The yellow -red color produced in a protein-free blood filtrate by 
the action of alkaline picrate is compared with the color similarly produced in a 
standard solution of creatinine. 

Materials.— Creatinine, NIIC.NH.CO.CIL.N.CH*. 

Hydrochloric acid, HCL 

Picric acid, C«H : OH(NOJ», purified. 

Sodium hydroxide, NaOH. 

Keagents. — 1. Stock Creatinine Solution. — In a 100 c.c. volumetric flask dis 
solve 0.1 gram of creatinine in N/10 hydrochloric acid and dilute to the mark 
with same. 

2. Standard Creatinine Solution.- — Pipet 3 c.c. of the stock creatinine solution 
into a 500 c.c. volumetric flask, add 100 c.c. of N/10 hydrochloric acid and dilute 
to mark with water (5 c.c. contain 0.03 milligram of creatinine). 

3. Hydrochloric Acid (approximately N/10), — Dilute 10 c.c. of hydrochloric 
acid to 1 liter. 

4. Saturated Picric Acid Solution. — Place about 15 grams of purified picric 
acid in a large Erlenmeyer flask; add 1 liter of water; heat over low flame until the 
picric acid is dissolved. Cool and keep in dark. Decant the clear solution for use. 

5. 10% Sodium Hydroxide Solution. — Prepared as described in Chapter 

XXXIII. 
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r 6. Alkaline Picraie. — To, 25 c.c. of the saturated picric acid solution add 5 c.c. 
of sodium hydroxide solution. This should he freshly prepared for each deter- 
mination. i 

Procedure. — 1. Pipel 10 c.c. of protein-free hlood filtrate (see page 711) into 
flask marked B : 

2. Pipet 5 c.c. of the standard creatinine solution into a second flask, marked 
S. and add 15 c.c. of water. 

' 5. Add 5 c.c. of the alkaline picrate solution to flask B, and 10 c.c. to flask 5. 
4. Mix each and let stand for ten minutes. Compare in the colorimeter. 
Calculation : 


5 = reading of standard 

B — reading of blood filtrate 

x — milligrams of creatinine per 100 c.c. of blood 


1.5 S 


~ B 


S 

10 


if blood filtrate is set at 15 mm. 


Notes. — 1. The normal range of creatinine is from 1 to 2 milligrams per 100 c.c. 
of blood. 

2. Five c.c. of the standard gives a color for accurate colorimetric com- 
parison with filtrates whose creatinine content is not over 2 milligrams per 100 
c.c. of blood. For bloods known or thought to contain values higher than this, 
use 10, 15, or 20 c.c. of the standard with proportionally less water. If the content 
he very high, use less filtrate Avilh proper dilution. Before the addition of the 
alkaline picrate the volume of S should be 20 c.c. and the volume of the flask B 
should be 10 c.c. 

3. The saturated picric acid solution should be made from purified picric acid 
as described below. 

Benedict's Method for Purification, of Picric Acid . — Heat 6 liters of water to 
boiling in a large porcelain enameled pail. Add 250 grams of anhydrous sodium 
carbonate. When dissolved, add gradually 500 grams of moist technical picric acid. 
Before all of the picric acid has dissolved, the mixture should be removed from 
the flame and stirred a few minutes until solution of the picric acid has been 
effected. Filtration is usually unnecessary. Allow' the solution to stand for a few 
minutes. Decant it from the sediment, and allow' to stand overnight at room tem- 
perature. Filler with suction, using a 23 centimeter hardened filter. Suck dry. 
wash wdth 2 liters of 10 ^fo sodium chloride solution, and again suck as dry 
as possible. Turn off the suction. Pour 50 c.c. of diluted hydrochloric acid (1 
part concentrated acid and 4 parts water) on the filter, and stir the mixture thor- 
oughly with a porcelain spatula. This acid is then sucked through, and the process 
repeated with three more portions of the hydrochloric acid, a total of 2 liters.' 
After the last portion of acid is sucked through, the picric acid on the filter is 
w'ashed with 2 liters of cold distilled W'ater and sucked dry. It is then removed 
from the filter and dried at about 90° C. and powdered.- This product should read 
about 13.5 to 14 millimeters by the Folin-Doisy test. , 
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4. The amount of creatinine is very constant for the individual and is not 
appreciably affected by diet, being almost entirely endogenous in origin. It is 
the last of the nitrogenous waste products to accumulate in nitrogenous retention. 
Hence its accumulation in the blood is of grave prognostic significance. In chronic 
conditions, once it begins to accumulate, it rarely decreases. A concentration of 
5 milligrams or over per 100 c.c. of blood is usually followed by death within 
a short period. In acute conditions and acute exacerbations of chronic conditions, 
the accumulation decreases with the subsiding of the acute stage but when there 
has been a resulting damage to the kidney, the level will remain slightly above 
normal. The chief value of its determination is during the later stages of kidney 
disease. 

DETERMINATION OF CREATINE PLUS CREATININE 

Principle.— When creatine is heated with dilute acids it is transferred into its 
anhydride, creatinine. The creatinine preformed and that formed from creatine 
are then determined together by treating with alkaline picrale, as in the deter* 
mination of preformed creatinine. The creatine can be calculated when the 
preformed creatinine is known. 

Materials.— 1. Same as for Creatinine Method. 

Reagents.— 1. Crealininc Standard (5 c.c. equal 0 03 milligram) . — See page 72k 

2. Saturated Picric Acid Solution. — (See page 721). 

3. 10% Sodium Hydroxide Solution. — Prepared as described in Chapter 
XXXIII. 

4. Hydrochloric Acid (approximately N/10). — Dilute 10 c.c. of hydrochloric 
acid to 1 liter. 

Procedure. — 1. Transfer 5 c.c. of protein-free blood filtrate (see page 711) to 
a test tube graduated at 25 c.c. Label B. 

2. Add 1 c.c. of normal hydrochloric acid. 

3. Cover the mouth of the test lube with tin foil and heat in the autoclave 
to 130° C. for 20 minutes. 

4. Cool. 

5. The standard is prepared as follows: Pipet 10 c.c. of the creatinine standard 
into a 50 c.c. volumetric flask. Add 2 c.c. of normal hydrochloric acid. Label S. 

6. Add the alkaline picrate solution (a) 5 cx. to the unknown, (6) 10 c.c. 
to the standard. 

7- Let stand 8 to 10 minutes. 

8. With distilled water dilute (a) the unknown to the 25 c.c. mark, (b) the 
standard to the 50 c.c. mark. 

9. Compare in the colorimeter within fifteen minutes from the time the alkaline 
picrale was added. 

Calculation with unknown B set at 20 mm. 

S X 0-3 = milligrams “creatinine plus creatine” per 100 c.c. of blood. 

Notes. — 1. In the case of bloods containing large amounts of creatinine, 1, 2 
or 3 c.c. of blood filtrate plus water enough to make approximately 5 c.c. are 
substituted for 5 c.c. of the filtrate. 
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2. The normal value for “total creatinine’’ given by this method is about 6 
milligrams per 100 c.c. of blood. 

DETERMINATION OF URIC ACID 
( Brown’s Method) 

Principle, — The color produced by the action of a phosphotungstic acid reagent 
with die uric acid in protein-free blood filtrate is compared with the color pro- 
duced by the same reagent with a standard solution of uric acid. 

Materials. — Uric acid, C 5 H 5 N 4 0 3 . 

Lithium carbonate, LLCO a . 

Formalin, U.S.P. (40% solution of formaldehyde). 

Acetic acid, glacial, CH 3 C00H. 

Sodium cyanide. NaCN. 

Sodium tungstate, Na 2 WO, : 2H a O Special according to Dr. Folin. 

Phosphoric acid. H S PCL, syrupy, 85%. 

Ammonium hydroxide. NH,OH. 

Reagents. — 1, Stock Uric Acid Solution. — Weigh on an analytical balance 1 
gram of uric acid and transfer to a funnel on a 300 c.c. flask. Place 0.45 to 0.50 
gram lithium carbonate in a beaker in about 150 c.c. of water and heat to 60° C., 
stirring until all the carbonate has dissolved. With the hot carbonate solution, 
rinse the uric acid into the flask and shake. As soon as a clear solution is obtained, 
cool under running water, with shaking, and transfer to a volumetric liter flask. 
Rinse and dilute to a volume of 400 to 500 c.c. Add 25 c.c. of formalin, and 
after shaking to insure thorough mixing, add 3 c.c, glacial acetic acid. Shake to 
remove most of the carbonic acid and dilute to the mark. Keep in small, tightly 
stoppered bottles in a dark place. 

2. Standard Uric Acid Solution. — Dilute 5 c.c. of the stock solution in a liter 
volumetric flask to 800 c.c. with water; add 2 c.c. of formalin and 20 c.c. of two- 
tliird normal sulphuric acid. Dilute to the mark (5 c.c. are equivalent to 0.025 
milligram uric acid). This keeps about eight weeks. 

3. Sodium Cyanide Solution. — In a graduated, glass-stoppered cylinder, dis- 
solve 10 grams of sodium cyanide. Dilute to 200 c.c. Prepare fresh about every 
two months. 

4. Uric Acid Reagent. — Place in a 1000 c.c. Erlenmeyer flask. 100 grams of 
sodium tungstate. 80 c.c. of phosphoric acid, and about 700 c.c. of water. Boil 
gently for two hours using a reflux condenser. Cool and dilute to 1 liter. 

Procedure. — 1. Pi pet 10 c.c. of protein-free blood filtrate (see page 711) into 
a 100 c.c. Erlenmeyer flask marked B: add 5 c.c. of water. 

2. To two other flasks marked SI and SII add, respectively', 5 and 10 c.c. of the 
uric acid standard, and 10 and 5 c.c. of water. ' 

3. To all flasks add. from buret, 5 c.c. of sodium cyanide solution. Then add 
0.5 c.c. of the uric acid reagent. 
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4. Mix. 

5. Allow to stand 20 minutes. 

6. Compare in colorimeter the solution In flask B with the standard which it 
appears, by inspection, the more nearly to resemble in color depth. 

Calculation: 


SI = reading of standard I 
SII = reading of standard II 
5 = reading of blood flitrate 
x — milligrams of uric acid in 100 c.c. of blood 


Set blood filtrate at 10 mm. when x 


Set blood filtrate at 10 mm. when x 


5SII 

B 

SI 

4 

SII 

2 


Notes. — 1. The normal range of uric acid is from 2 to 4 milligrams per 100 
c.c. of blood. 

2. Uric acid is the end-product of purin metabolism, and is partly exogenous 
arid partly endogenous. 

3. It is increased in kidney disfunction but has no clinical value herewith which 
is not indicated by the urea nitrogen determination. 

4. It is increased, with little or no increase in the other nitrogenous constituents 
in gout, and cardiac decompensation. 


„ j DETERMINATION OF BLOOD SUGAR 
( Batin and Wti's Method) 

Principle. — Protein-Iree blood filtrate is heated ifrith an alkaline cupric solution. 
The cuprous oxide precipitate formed by the glucose is dissolved bv a pbospho- 
molybdic acid solution. The resulting solution is compared colorimetrically with 
one similarly prepared from a standard glucose solution. 

Materials . — Folin and Wu Sugar Tube fFjg. 355). 

Sodium tungstate Na.WOj'.ZHjO Special according to Folio. 

_ Sodium hydroxide, NaOH. 

Phosphoric acid, H,POi, U.S.P. 

Molybdic acid. Anhydride, MoO s , Special, ammonia free. 

Tartaric acid, 

Sodium carbonate, Na.COj anhydrous. 

Cupric sulphate, CuS0 4 :5H.O. 

Dextrose (d-GIucose) C 0 H 1 ,O <s assayed (Bureau of Standards No. 

41). 

Benzoic acid, CgHjCOOH. 
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Reagents, — 1. Alkaline Copper Solution. — -Dissolve 40 grains of sodium car- 
bonate in 400 c.c. of water. Separately dissolve 7.5 grams of tartaric acid in 300 
c.c. of water. Separately dissolve 4.5 grams of cupric sulphate in 200 c.c. of 
water. In each case use heat to hasten solution. Cool to room temperature and 
pour the tartaric acid solution into the carbonate solution, 
then add the cupric sulphate solution. Dilute to 1 liter. Mix. 

A red sediment may form in the course of one or two weeks. 

If this happens, remove the clear supernatant reagent or filter 
through a good quality filter paper. This reagent keeps in- 
definitely. 

2. Phospho-molybdic Acid Solution. — Dissolve 40 grams of 
sodium hydroxide in 400 c.c. of water. Add 70 grams of 
molybdic acid, 10 grams of sodium tungstate and 400 c.c. of 
water. Boil for one-half hour. Cool. Dilute to 700 c.c. Add 
250 c.c. of phosphoric acid and dilute to 1 liter. Mix. 

3. Benzoic Acid. — Dissolve 2.5 grams of benzoic acid in 1 

liter of hot water and cool. Transfer to a bottle; the solution 
will keep indefinitely. Filter as necessary. Fig. 355. — F olin 

4. Standard Sugar Solutions. — Stock. — Weigh 1 gram of ^ u G A R 

pure dextrose (glucose) on an analytical balance. Transfer to 

a 100 c.c. volumetric flask, dissolve, and fill to the mark with benzoic acid solu- 
tion. This 1 °/d stock solution keeps indefinitely. 

SI. Standard Containing 10 Milligrams Dextrose per 100 c.c. — Pipet 5 
c.c. of stock solution into a 500 c.c. volumetric flask and dilute to the mark with 
benzoic acid solution. 

SII. Standard Containing 20 Milligrams Dextrose per 100 c.c. — Pipet 
10 c.c. of stock solution into a 500 c.c. volumetric flask and dilute to the mark ’ 
with benzoic acid solution. 

Standards SI and SII will keep at least 6 months. 

♦ 

E flfr t» g — 

. Fjg. 356. — Foun-Wd Pipet 

Procedure. — 1. Pipet 2 c.c. of protein-free blood filtrate (Fig. 356) into a 
special Folin tube (Fig. 355) . Label B. 

2. To a similar tube, add 2 c.c. of standard sugar solution SI. Label SL 

3. To a third Folin sugar tube add 2 c.c. of standard sugar solution SII. 
Label SII. 

4. To each tube add 2 c.c. of the alkaline copper solution. 

5. Transfer the lubes to a boiling water bath and heat for 6 minutes. 

6. Cool for 2 to 3 minutes in a cold water bath without shaking. 

7. Add to each tube 2 c.c. of the phospho-molybdic acid solution. 

8. Let stand for 3 minutes: dilute the resulting solution to the 25 c.c. mark. 
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9. Insert a rubber stopper and mix. (It jj essential that adequate attention 
be given to the mixing because the greater part of the blue color is formed in the 
bulb of the tube.) 

]0. Compare in a colorimeter with the nearest matching standard. 

Calculation: 

B = reading of blood sample. 

100 SI 200 SII 

u or x— B 

When using standard SI set the Mood sample at 20 mm., when * = 5xSI- 

When using standard SII set the blood sample at 10 mm., when it = 20 X SII. 

These results have a slight error when the standard and the unknown do not 
read close together. The following table is used when the blood sample is set and 
the standard Is moved: 


TABLE OF BLOOD SUGAR VALUES 

Using SI set Moot) sample at 20 mm, Using SII set blond sample at 10 mm. 

Reading — ms dextruie !>■ aJIug = in* (lex (rose Reading = mg Jexiro.e Reading = mg dextrose 

5 0 30 195 95 65 142 11.4 221 

55 32 20 0 100 7.0 150 11.6 227 

6.0 3S 205 102 7 5 157 115 231 

6.5 37 21.0 101 8.0 166 12.Q 231 

7.0 40 215 107 82 169 12.5 2t3 

75 42 22.0 109 8.4 173 13 0 251 

8.0 45 225 111 8 5 176 135 260 

8.5 47 23.0 113 8 8 180 14.0 268 

9 0 50 235 IIS 9.0 183 H5 278 

95 52 210 118 9.4 190 15.0 286 

10 0 55 24 5 120 9 6 193 15.5 291 

105 57 25.0 122 98 197 160 303 

11.0 60 25.5 124 10 0 200 165 31! 

11.5 63 26 0 126 10.2 203 17 0 320 

120 65 26 5 129 10.1 207 17.5 328 

12.5 67 27.0 131 10 6 210 18.0 337 

13 0 69 27 5 133 10 8 214 185 345' 

135 71 23 0 135 11.0 217 19 0 354 

14 0 74 28 5 137 11.2 221 19.5 363 

14 5 76 29.0 139 

15 0 78 295 141 

155 80 300 143 

16.0 82 30 5 145 

165 85 31.0 146 

17.0 87 31 5 148 

17.5 89 320 150 

18.0 91 325 152 

185 93 33 0 154 

19 0 96 335 156 

31.0 158 


Notes. — 1. Cooling of the alkaline cuprous oxide suspension before adding the 
phosphate molybdate solution is not essential. The important point is that the 
standard and the unknown “hould not only lie heated the same length of time but 
should also have, approximately the -same temperature when the acid reagent is 
added. 
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2. The normal range of concentration of blood sugar for the fasting adult 
is from 80 to 110 milligrams per 100 c.c. of blood. 

3. If the blood filtrate gives a color too deep for accurate colorimetric com- 
parison with the stronger standard, the lest is repeated, substituting for the 2 c.c. 
of blood filtrate in tube B, 1 c.c. of blood filtrate and 1 c.c. of distilled water. 
The final result must therefore be doubled. 

4. Dextrose determinations are made immediately after taking the blood sample 
as the dextrose rapidly disappears by glycolysis. Efficient refrigeration retards, 
but does not prevent, glycolysis. 

5. When the analysis cannot be made immediately, the proteins of the blood 
should be precipitated and the filtrate, to which are added a few drops of toluene, 
placed in the refrigerator. This filtrate will give accurate readings for 24 hours 
after precipitation. 

6. A rise in blood sugar follows absorption from the intestinal tract. The fasting 
level is again reached within three hours after the ingestion of food. In some 
pathologic* conditions, e.g., diabetes mellitus. this return is delayed and the rise 
is higher than in normals. This forms the basis of sugar tolerance tests. 

7. H} perglvcemia is found in diabetes mellitus. some cases of advanced ne- 
phritis, and frequently in emotional states. 

8. Hypoglycemia has been reported after thyroidectomy and in some hypoendo- 
crine conditions. 

9. One determination of the blood sugar is not sufficient on which to base a 
diagnosis of hypergl) cemia ; the high level must be constant. 

10. In “renal glycosuria” there is no hyperglycemia although there is glyco- 
suria. 

11. Glycosuria (the presence of glucose in the urine when examined by usual 
laboratory tests) is not dependent directly on the Ie\el of the blood sugar. The 
point of concentration which when reached results in glycosuria has been called 
the “renal threshold.” This appears to be individual and not a definite point: 
for most normal persons concentrations of 160 to 180 milligrams result in glyco- 
suria. These figures are higher in diabetes mellitus and late nephritis, but loner 
in “renal glycosuria.” The significance of gl}cosuria cannot be determined without 
simultaneous blood sugar determinations. 

TRUE SUGAR VALUES 

The sugar content of the blood as usually determined is not chemically true as 
it is actually a measurement of copper reducing substances. The glucose in the - 
blood is approximately 90% of the copper reducing material. As the physician 
has been taught to use normals derived from copper reducing substances it is 
possibly safer to retain this line of thought. 
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MICROMETHOD FOR THE DETERMINATION Or BUOAR 
(Folin and Malmros) 

Principle. — When a glucose solution is heated with an alkaline ferricyanide 
solution, the ferricyanide is reduced to ferrocyanide. A blue color is produced 
when ferrocyanide reacts with a ferric iron solution. The glucose in a protein-free 
filtrate is determined by comparing it with a standard glucose solution. 

Materials : 

Apparatus: Centrifuge tube, 15 c.c. (2). 

Special Folin micro pipct, 0.1 c.c. 

Test tubes, graduated at 25 c.c. (4). 

Chemicals: Sodium tungstate, Na.WO, :2H-0, “Special” 

Sulphuric acid, H = SO,. 

Potassium ferricyanide, KjFe(CN) B . 

Sodium cyanide, NaCN. 

Sodium carbonate, anhydrous, N,i 2 CO s . 

Ferric sulphate, anhydrous. Fe 2 (S0 4 )». 

Phosphoric acid, H-PO,, U.S.P. 

Potassium permanganate, KMnO«. 

Gum gliatti. 

Picric acid, (N0 2 ),C # 1L0H. 

Sodium hydroxide, NaOH. 

Methyl alcohol, CH s OH. 

Paraffin. 

Gasoline. 

Reagents. — 1. Tungstic Acid Solution . — Transfer 20 c.c. of 10% sodium 
tungstate to a volumetric liter flask. Dilute to a volume of 700 c.e.; add, with 
shaking, 160 c.c. of N/12 sulphuric acid and dilute with water to 1000 c.c. 

2. Potassium Ferricyanide Solution . — Dissolve 2 grams of C.P. potassium fer- 
ricyanide in distilled water and dilute to a volume of 500 c.c. The major part of 
this solution should be kept in a brown bottle in a dark closet. The reagent in 
daily use should also be kept in a brown bottle. 

3. Sodium Cyanide-Carbonate Solution . — Transfer 8 grams of anhydrous so- 
dium carbonate to a 500 c.c. volumetric flask. Add 40 to 50 c.c. of wafer and 
shake, to promote rapid solution. Add 150 c.c. of freshly prepared 1% sodium 
cyanide solution; dilute to volume and mix. 

4. Ferric Iron Solution . — Fill a liter cylinder with water. Suspend on a copper 
wire screen, just below the surface, 20 grams of soluble gum gliatti, and leave 
overnight (eighteen hours). Remove the screen, and strain the Hquid through a 
double layer of a clean towel. Add to this extract a solution of 5 grams of 
anhydrous ferric sulphate in 75 c.c. of 85% phosphoric acid plus 100 c.c. of 
water. Add to the mixture, a little at a time, about 15 c.c. of 1% potassium per- 
manganate solution to destroy certain reducing materials present in gum ghatti. 
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The slight turbidity of the solution will disappear completely, if kept at 37° C. 
for a few days. 

5. Standard Glucose Solution . — To a liter volumetric flask add 1 c.c. of slock 
(1 %) glucose solution (see page 729} ; add 125 c.c. of 0.2 % benzoic acid; dilute 
to mark and mix. One c.c. = 0.01 milligram of glucose. 

6. Picrate Light Filler . — Dissolve 5 grams of picric acid in 100 c.c. of methyl 
alcohol and add 5 c.c. of 10% sodium hydroxide solution. Place a pack of 8 
to 10 filter papers (of the correct size to cover colorimeter lamp) on a level and 
smooth mat of newspapers. Pour the acid picrate solution onto the filters until 



Fig. 357. — Bock-Benedict Fig. 358. — New Hellige Universal 

Colorimeter Wedge Tire Colorimeter 


the papers are saturated and an excess of solution which filters through at the 
bottom and flows out a distance of at least 2 centimeters on the newspaper mat. 
When all the liquid has evaporated and the filter papers are perfectly dry, pour 
over the pack an excess of a 3% solution of paraffin in benzine (gasoline) and 
again leave the papers to dry. A heavy filter with good absorbing qualities is best. 

These picrate light filters may be placed over the opening in the colorimeter 
light, but it is also satisfactory to cut them into pieces which may be fitted over 
the reflector of the colorimeter. The reflection from lhe r yellow paper is sufficient 
for good color matching. . , 

Procedure. — 1. With the special 0.1 c.c. blood pipet collect 0.1 c.c. of blood 
from an ear or finger prick. Transfer it to 10 c,c. of dilute tungstic acid in a 
centrifuge tube. 
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2. Stir well and centrifuge or filter. 

3. Transfer 4 cx. of the supernatant fluid or filtrate to a test tube graduated 
at 25 c.c. 

4. Transfer 4 cx. of the standard sugar solution to a similar tube. 

5. To each tube add 2 c.c. of the potassium ferricjanide solution. 

6. To each add 1 c.c. of the sodium cyanidc-carhonale solution. 

7. Heat in boiling water for 8 minutes and cool in running water for two 
minutes. 

8. To each add S cx. of the ferric iron solution and mix. 

9. Allow to stand for two minutes and dilute to the 25 c.c. graduation. 

10. Using the picrate light filter, adjust the colorimeter (Figs. 357 and 358) so 
that the two fields have the same color intensity. Compare the two solutions. 

Colorimeter readings between 40 and 5 millimeters may !»c accepted as correct. 

Calculations: 

*= milligrams of glucose in 100 c.c. blood 
Spreading of the standard 

Set the blood filtrate at 20 mm. when * = 

Or use the table of blood sugar values given under the determination of Mood 
sugar (see page 730). 

Notes. — 1. This method is recommended for use in cases where it is difficult 
to do a venipuncture or when the patient must be bled frequently. 

2. Blood taken from the finger is a mixture of venous and arterial blood and 
the sugar values after a glucose meal are higher than corresponding ones from 
venous blood alone. 

3. The picrate filters are to eliminate the yellow color of the ferricyonide solu- 
tion. When the colors are nearly the same, the filter may be dispensed with. 

DETERMINATION Or SUGAR TOLERANCE 

1. Breakfast is omitted and the test conducted after fasting overnight. 

2. Urine (No. 1) and blood (No. 1) are taken for sugar determinations. 

3. Immediately thereafter give by mouth 1.75 grams of glucose per kilogram of 
body weight dissolved in 500 c.c. of water; flavor with lemon juice and cool 
with ice. 

4. One hour later take urine (No. 2) and blood (No. 2) for sugar deter- 
minations. 

5. One hour later (2 hours after taking the glucose), take urine (No. 3) and 
blood (No. 3). 

6. One hour later (3 hours after taking the glucose), take urine (No. 4) and 
blood (No. 4). 

7. As a general rule these ore sufficient although it is sometimes advisable to 
take another specimen of urine (No. 5) and blood (No. 5) 1 hour later (4 hours 
after taking the glucose). 

8. Conduct sugar determinations on all samples of blood and urine. Plot the 
blood sugar determinations in a curve. 
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9. Normally the blood sugar rises to about 160 milligrams per 100 c.c. at the 
end of the filst hour, with no sugar in the urine, reaching the normal fasting 
level at the end of 2 to 3 hours. 

10. In diabetes mellitus the blood sugar rises above 170 milligrams per 100 
c.c. with sugar in the urine and does not reach the fasting level until after three 
or four hours. 

11. In “renal glycosuria” the blood sugar rises with large amounts in the 
urine but declines rapidly, reaching the fasting level in three hours. 

12. A sugar tolerance test should not be conducted if diabetes mellitus in an 
advanced state is known to be present. 

One-Hour Two-Dose Sugar Tolerance Test ( Exton and Rose). — 1. Collect 
facing blood and urine samples, No. 1. 

2. Give patient by mouth first dose of glucose (50 grams dissolved in 325 c.c. 
of water) . Allow one to two minutes for its ingestion. 

3. Thirty minutes after ingestion of glucose, collect blood and urine samples, 
No. 2. 

4. Give patient second dose of glucose same as above. 

5. Thirty minutes after ingestion of glucose collect blood and urine samples, 
No. 3. 

6. Make blood and urine examinations in the usual manner. 

Notes. — 1. This tolerance has the advantage over the five-hour older method in 
requiring less time and fewer samples of blood and uiine. Some metabolists claim 
it is more specific than the older method. In the absence of endocrine disturbance 
it is more sensitive than the longer lest for the detection of early true diabetes. 

2. A normal tolerance gives a normal fasting No. 3 blood sugar and a negative 
No. 1 urine sugar. Blood No. 2 shores a rise not exceeding 75 milligrams and a 
negative No. 2 urine sugar. Blood No. 3 is less, the same or docs not exceed the 
sugar content of No. 2 by more than 5 milligrams and a negative No. 3 urine 
sugar. 

3. In diabetes the blood sugar of No. 3 is 10 or more milligrams higher than 
No. 2. The urines may or may not be positive for sugar according to the severity 
of the disease. 

4. Should the No. 3 blood sugar rise sufficiently to classify the tolerance as 
being abnormal and all the urines are negative, then a fourth sample of urine 
may be collected one hour after No. 3 which in most cases will be positive for 
sugar. 

DETERMINATION OF THE CARBON DIOXIDE CAPACITY OF BLOOD PLASMA 

(Van Sly he and Cullen) 

Principle. — Blood plasma is shaken in a separatory funnel filled with an aii 
mixture the carbon dioxide tension of which approximates that of normal aiterial 
blood, by which treatment it combines with as much carbon dioxide as it is able 
to hold under normal tension. A known volume of the saturated plasma is then 
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tun into a ejsccial apparatus (Fig. 359), acid is added and carbon dioxide is 
liberated by the production of a partial vacuum. The carbon dioxide is meas- 
ured at atmospheric pressure and the volume corresponding, to 100 c.c. of plasma 
is calculated. 



Fic 359.— Precision Model or the Van Slake Gas Analysis Apparatus with Water 
Jacket axo Static Shaker 

Materials: 

Apparatus: Van Sljke \acuum pipet. 

Barometer . 

Separatory funnel with long stem. 

Chemicals: Caprj lie alcohol. 0,11,-011. 

Lactic acid, IICjH 5 0, U.S.P. 

Mercun, Hg. redistilled. 

Solution: Lactic acid: Dilute 5 c.c. of lactic acid with water to 50 c.c. 

Method. — 1. Collect approximately 5 c.c. of blood from an arm vein in an 
oxalated test tube containing 1 c.c. of paraffin oil (Fig. 350). The stopper is 
loosened and the blood stirred with the inlet tube to assure mixing with the 
oxalate. The tube should not be shaken or inverted. 
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2. Remove the stopper and centiifuge the tube. 

3. With a capillaiy pipe! transfer the plasma to a separatory funnel. Putting 
the stem of the separatory funnel in the mouth pass the air of 3 complete exhala- 
tions through the plasma. Close the stopper and cock of the funnel and rotate 
it for 3 minutes. 

4. Rinse the cup at the top of the Van Slyke apparatus with water, and intro- 
duce into it I c.c. of distilled water. Using a 1 c.c. Mohr pipet introduce beneath 
the water 1 c.c. of plasma. Add 1 or 2 drops of capiylic alcohol. Carefully 
diaw the plasma, water and alcohol into the pipet until the mercury meniscus 
reaches the 2 c.c. maik, the upper meniscus of the solution being in the bottom of 
the cup of the pipet. Intioduce about I c.c. of lactic acid solution into the cup and 
draw enough into the pipet to bring the mercury meniscus to the 2.5 c.c. mark. 
By loweiing the reservoir, bring the mercury level to the 50 c.c. mark and close 
the lower cock. Shake for ] minute. Slowly and without oscillation reduce the 
gas to atmospheric pressure by raising the surface of the mercury in the reservoir 
to a height equal to 1/1 3th of the height of the water column above the mercury 
in the pipet. Read the volume.- 

Calculation. — X = cc. C0 2 bound as bicarbonate in 100 cc. plasma. 

V = vol. in c.c. of gas in pipet. 

B = observed barometric pressure in mm. 

t = temperature of gas, centigrade. 

X (100.8 - 0.27t) (V -f- 0.002t - 0.136) 

For barometric pressures near 760 mm. and temperatures from 20 to 25° C. an 
approximate calculation suitable for all clinical work is: 

If V is 0.60 to 0.70 multiply by 100 and subtract 12. 

If V is 0.40 to 0.60 multiply by 100 and subtract 11. 

If V is 0.35 to 0.40 multiply by '100 and subtract 10. 

If V is 0.25 to 0.35 multiply by 100 and subtract 9. 

If V is 0.20 to 0.25 multiply by 100 and subtract 8. 

If V is 0.15 to 0.20 multiply by 100 and subtract 7. 

If V is 0.12 to 0.15 multiply by 100 and subtract 6. 

Notes. — 1. Normal range: In a normal resting adult the range is from 53 to 
77 volumes per cent, and for normal infants about 10 volumes per cent lower. 
A result of from 53 to 40 volumes per cent shows a mild acidosis, generally 
without visible symptoms. In cases yielding from 40 to 31 volumes per cent 
symptoms may be apparent. Less than 31 volumes per cent indicates a severe 
acidosis. 

2. When not in use, the pipet should be kept filled with distilled water. 

3. Free carbonic acid is present in the body fluids in such concentration that ' 
it binds as bicarbonate all bases not bound by other acids; it therefore represents 
the excess of base which is left after all the nonvolatile acids have been neutral- 
ized and is available for neutralization of further acids. In this sense the bicar- 
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bonate constitutes the alkaline reserve of the body, Entrance of free acids 
reduces it to an extent proportional to the amount of the invading acids. Roth in 
normal ar.d pathologic metabolism, acids invade the blood and bind some of 
the alkali. Normally the kidneys are able to eliminate llie-e acids while retaining 
the alkali; by this mechanism the body is able to excrete an acid urine from 
an alkaline blood. 

4. Acidosis is a condition caused by acid retention sufficient to lower either 
the bicarbonate below normal ot the pH of the blood below normal (i.e., toward 
the acid side). In diabetic acidosis, the acid-base balance is disturbed by abnormal 
formation of nonvolatile acids (e.g., aceto-ucctic and bela-oxybulyric acids), while 
in nephritis, it is due to the failure of the kidney mechanism of elimination. In 
both cases the available alkali is bound by these acids reducing it in proportion 
to the amount of acid. Under nearly all circumstances in which the respiratory 
apparatus is not specifically affected, the quantity of carbonic acid is so regulated 
that a normal pH Is maintained. 

5. This method suffices for the study of such metabolic conditions as diabetes, 
nephritis, and marasmus, in which the acid-base disturbance is due to retention 
o! nonvolatile acids while the respiratory control of the blood reaction is unaf- 
fected. This method is not adequate to cover conditions in which the respiratory 
control is so disturbed that the pH becomes abnormal, e.g., in anesthesia. 

6. In such cases a determination of the hydrogen ion concentration together 
with the carbon dioxide content of the venous blood is of greater advantage in 
determining the source of the disturbance of the acid-base balance. 

7. It is desirable to keep the amount of caprylic alcohol small (about 0.02 
c.c.) as larger amounts may appreciably increase the results, because of the 
vapor tension of impurities which the alcohol may contain, and because it dis- 
solves much more air per unit volume than does water. 

8. Catch the wateT residue and mercury overflow in a flask. It requires only 
washing with water, drying with filler paper and straining through cloth or 
chamois skin to prepare the mercury for use again. 

9. Practically the only source of difficulty with the determination is the entrance 
of air through the stop cocks. It is essential that both cocks should be properly 
greased and air tight (see below). It is also necessary that the cocks (especially 
the lower one) should be held in place by rubber bands so that they cannot 
be forced out by pressure of the mercury. 

10. For thorough cleaning remove the rubber tubing and fill the apparatus by 
suction with aqua r.egia and let stand several hours. 

11. IC 1 cx. of plasma is not available, 0.5 cx. may be used, in which case 
the volume of distilled water and acid used is halved so that the total volume 
of water solution introduced is only 1.25 c.c., and in the calculation the observed 
volume of gas is multiplied by 2. 

12. The determination can be performed on whole blood. 

13. As the gas is being brought to atmospheric pressure, the meniscus of water 
over the mercury should be raised slowly in the narrow part of the apparatus 
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so that there be no oscillation of the column and resulting excessive reabsorption 
of carbon dioxide. With faulty technic, 0.01 to 0.02 c.c. of carbon dioxide may 
be reabsorbed. , 

14. The results of the carbon dioxide capacity determination are expressed in 
“’volumes per cent” and have reference to the number of c.c. of carbon dioxide 
measured at 0° C. and 760 millimeters pressure, chemically bound as bicarbonate 
in 100 c.c. of blood plasma. 

Stop Cock Lubricant for Van Slyke Apparatus . — One part of pure, unvulcanized, 
para rubber gum finely divided is dissolved by the aid of heat in 5 parts of vaselin. 
Keep in small ointment jars. 

A thin layer of vaselin is first uniformly applied to the cock and the latter 
is fitted and turned several times. The rubber lubricant is then applied in the same 
manner. In warm weather relatively little vaselin is used; in cold weather more is 
needed. The two lubricants used in this manner have proved more satisfactory than 
a single lubricant made by dissolving the rubber gum with larger amounts of 
vaselin. 


DETERMINATION- OF CHLORIDES 

( Whitehorn ) 

Principle. — The principle of the Volhard method is employed, that is, precipi- 
tation of silver chloride with silver nitrate and titration of the excess silver 
nitrate by means of thiocyanate, using ferric ammonium sulphate as an indicator. 

Materials. — Micro buret. 5 or 10 c.c. capacity, graduated in 0.02 c.c. 

Chemicals. — Silver nitrate, AgN0 3 

Ammonium thiocyanate, NH.,CNS 

Ferric ammonium sulphate, FeNH* (S0 4 ) 2 .12H 2 0 

Nitric acid, HN0 3 , 73%. 

Reagents. — Silver Nitrate Solution . — Weigh on an analytical balance 2.905 
grams of silver nitrate. Transfer to a liter glass-stoppered volumetric flask. Dissolve 
in water and dilute to the graduation. Preserve in a glass-stoppered brown bottle. 
One c.c. is equivalent to 1 milligram of sodium chloride. 

2. Ammonium Thiocyanate Solution . — Dissolve about 1.5 grams of ammonium 
thiocyanate in 1 liter of water. Standardize this solution against the silver nitrate 
solution by using 10 c.c. of water in place of blood filtrate and following the 
directions under “Procedure"’ given below so that 10 c.c. of the thiocyanate solu- 
tion is equivalent to 10 c.c. of silver nitrate solution. 

3. Ferric Ammonium Sulphate . — Pulverize the ferric ammonium sulphate. Weigh 
3 grams of the powder and divide it into 10 approximately equal parts. Wrap each 
0.3 gram of powder in a small paper. 

Procedure. — 1. Pipet 10 c.c. of protein-free blood filtrate into a 50 c.c. porce- 
lain casserole. 

2. Add 10 c.c. of silver nitrate solution and stir with a glass rod. < 

3. Add 5 c.c. of nitric acid (using a graduated cylinder) ; stir. 
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4. Add 0.3 gram of powdered feme ammonium sulphate; stir. 

5. Allow to stand five minutes, protected from strong light. 

6. Titrate with the ammonium thiocyanate solution in the buret until a definite 
salmon red color persists for 15 seconds notwithstanding constant stirring. 

Calculation : 

l“c.c. of ammonium thiocyanate solution used. 

(10— t) 100 r= milligrams of sodium chloride in 100 c-c. of blood. 

Notes. — 1. The normal concentration of the chlorides in whole blood ranges 
from 450 to 520 milligrams per 100 c.c. In the plasma, the concentration range' 
from 570 to 620 milligrams per 100 cx. 

2. The prolein*free blood filtrate used in this method is prepared according 
to the method on page 711. 

3. Chlorides of the blood are increased in some cases of nephritis, and in some 
cardiac conditions; while low values have been observed in fevers, pneumonia, 
severe diabetes, and after the administration of diuretics. 

4. The determination of blood chlorides is of practical value as an indication or 
contraindication for a salt-free diet. 

5. All glassware u*ed must have been washed witli distilled water and all 
reagents must be halogen free. 

6. It is to be noted that the silver nitrate and nitric acid are not added to 
the protein-free filtrate simultaneously. To do so may result in the mechanical 
enclosure of silver nitrate solution within the curds, and a consequent error in the 
positive direction. The use of nitric acid is the essential point in the procedure, 
for aside from preventing the precipitation of silver phosphate, it flocks out the 
silver chlorides with a consequent reduction of the surface exposed. As silver 
thiocyanate is more insoluble than silver nitrate, it is evident that the surface 
of silver chloride exposed must be made as small as possible in order to prevent 
reaction between silver chloride and ferric thiocyanate. The abundance of ferric 
ammonium sulphate used also retards this reaction by reducing the ionization of 
the latter. This also deepens the end-point color by preventing the ionization of the 
red salt, Fe (CNS)s, into yellow Fe and colorless CN5 ions. 

7. Mixture of tungstic acid and chloride brings down more silver than can be 
accounted for by chloride alone, but the possibility for error is avoided by carrying 
on the titration in the presence of the precipitate when all the silver which has not 
Aww pevetpiSaisiti hy rb.W.idc h araiiahSe for Miatwn wvV.V thtocya/mSa. 

8. Whitehom’s greatest deviations with the method were — 1.3 and -f- 1-2 per 
cent and the limit of error with his careful technic was therefore less than 1.5%. 
He used volumetric flasks to make the 1:10 dilution. An error of 0.1 c.c. 
in measurement of silver nitrate will cause about 4 per cent error in the final 
result and an error of 0.1 c.c. in measurement of thiocyanate will result in about 
2% error. 

9. The method is applicable to plasma as well as whole blood, but loss of 
carbon dioxide must be prevented until plasma has been separated from cor- 
puscles. 
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DETERMINATION OF INORGANIC PHOSPHORUS 
(Fiske and Snbbarow) 

Principle. — The blue color obtained by adding molybdic acid and a reducing 
agent to an inorganic phosphate solution is compared colorimetrically with a 
solution similarly piepaied from a standard phosphate solution. 

Materials. — Ammonium molybdate, (NH f ) 2 MoO<. 

Sulphuric acid, H 2 S0 4 . 

Trichloracetic acid, CCI 3 COOH. 

Sodium bisulphite, NaHS0 3 . 

Sodium sulphite, Na_.S0j:7H_.0. 

Aminonaphtholsulphonic acid 1:2:4 Eastman Kodak Co. 

Potassium dihydrogen phosphate, KH.PO,. 

Reagents. — Ten times normal sulphuric acid (10 N • ILSOj) prepared as 
follows: 450 c.c. concentrated H 0 SO 1 added to 1300 c.c. water. 

Molybdate No. 1. — 12.5 grams ammonium moljbdale in 100 c.c. of water. To a 
500-c.c. graduated cylinder add 250 c.c. 10 N • ILSO t and the molybdate solution; 
dilute to the mark. 

Molybdate No. 2. — Prepare as above adding only 150 c.c. of acid. 

10 Per Cent Trichloracetic Acid. — 100 grams diluted to 1000 c.c. with water. 

15 Per Cent Sodium Bisulphite. — 75 grams diluted to 500 c.c. Let stand two to 
three dap to free of turbidity. Filter. Keep well stoppered. 

20 Per Cent Sodium Sulphite. — Dissolve 20 grams in water and dilute to 100 c.c. 
Filter. Keep veil stoppered. 

0.25 Per Cent Aminonaphthosul phonic Acid. — Dissolve 0.5 gram of dry powder 
in 195 c.c. of the sodium bisulphite solution. Add 5 e.o. of the sulphite solution. 
Stopper and shake until dissolved. If bisulphite is old, cloudiness results and more 
sulphite is required; add in 1 c.c. quantities, until clear, being careful not to add 
too much. This solution will keep at least two weeks. 

Standard Phosphate Solution. — Dissolve 0.3509 gram of potassium dihydrogen 
phosphate in Water and transfer quantitatively to a 1-liter volumetric flask. Add 
10 c.c. of 10 N • H..SO 1 and dilute to the mark. Mix. Will keep indefinitely. 
5 c.c. — 0.4.mg. P. 

Blank Phosphate Correction. — Ariange three 150 c.c. beakers on a white paper. 
To A, add 100 c.c. water. T 6 B, 85 c.c. water ; 10 c.c. of molybdate No. 1, and 4 
c.c. of sulphonic reagent. To C, 40 c.c. of trichloracetic acid: 45 c.c. water; 10 c.c. 
molybate No. 2, and 4 c.c. of sulphonic reagent. Stir. Into B add 1 c.c. quantities 
of a phosphate solution (.005 mgm. per c.c. made by diluting 5 c.c. of the standard 
phosphate solution to 80 c.c.) Stir after each addition and allow to stand two 
minutes until each have the same blue color. The number of c.c. of this phosphate 
multiplied by 0.05 is the correction to be subtracted from final result in analysis of 
blood. Solution A should he colorless. 




742 


CHEMICAL METHODS 


Procedure. — 1, To a 50 c.c. Erlenmeyer flask add 4 volumes of the trichloracetic 
acid solution and while gently rotating add 1 volume of oxalated blood. Stopper 
flask and shake vigorously and filler through an ashless filter paper. 

2. Measure 5 c.c. of the filtrate into a 10 c.c. volumetric flask or graduated 
cylinder, add 1 c.c. of molybdate No. 2 and mix. 

3. Add 0.4 c.c. of aminonaphtholsulphonic acid solution, dilute to 10 c.c. and 
mix. 

4. Transfer 5 c.c. of the phosphate standard solution to a 100 c.c. volumetric 
flask. Add approximately 60 c.c. of water. Add 10 ex. of molybdate No. 1 solution 
and 4 c.c. of aminonaphtholsulphonic acid solution. Mix after each reagent is 
added and dilute to the mark. Mix. 

5. Compare in the colorimeter in 5 minutes. 

Calculation. — When the cup of the unknown is set at 10 millimeters, the reading 
of the standard cup multiplied by 0.4 gives milligrams of inorganic phosphorus 
per 100 c.c. of blood. • 

Note. — 1. In adults the inorganic phosphorus is about 3 milligrams in 100 c.c. 
of plasma. Children have a higher content, about 5 milligrams in 100 c.c. There 
Is an increase of this phosphorus in cases of nephritis with acidosis, and a slight 
increase during bone repair after major fractures. In acthc rickets, the phosphorus 
is regularly reduced. In tetany, the phosphorus may he normal or reduced. 

DETERMINATION OF CALCIUM 
{ Clark and Collip) 

Principle. — The calcium precipitated as oxalate is determined by titrating the 
oxalic acid, liberated by acid, with standard permanganate. 

Materials: 

Apparatus. — Tubes, centrifuge, 15 c.c. “Pyrex." 

Buret, micro, graduated in 0.02 of c.c. 

Chemicals. — Ammonium oxalate, (NH t ) jC 2 0 4 . 

Sulphuric arid, H 2 S0 4 . 

Potassium permanganate, KMn0 4 . 

Ammonium hydroxide, NH 4 OH. 

Reagents.— 1. Ammonium oxalate : — Dissolve 4 gm. ammonium oxalate in 
water and dilute to 100 c.c. 

2. Sulphuric acid, approximately N/l: — Dilute 23 c.c. of concentrated sulphuric 
arid to 1 liter. 

3. Potassium permanganate, N/100: — Dilute 10 c.c. of exact N/10 potassium 
permanganate (see page 702) to 100 c.c. This solution is not sufficiently accu- 
rate for use and also changes its strength on standing. It should be titrated 
each day before a determination of calcium is made. Place 2 c.c. of N/100 sodium 
oxalate solution in a centrifuge tube—Heat it in boiling water for one minute 
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and titrate to the fast pink color, persisting for about 15 seconds. Use the factor 
2 

F = 7 in the calculation. 

c.c. permanganate 

1. Sodium oxalate. N/100: — To a 100 c.c. vol. flask add exactly 10 c.c. of accu- 
rately standardised N/10 sodium oxalate (see page 702). Dilute to the mark 
with normal sulphuric acid. This solution is permanent and may be kept for 
standai dising the N/100 permanganate. 

5. Ammonium hydroxide: — Dilute 2 c.c. of ammonium hydroxide to 100 c.c. 

Procedure. — 1 . Collect about 10 c.c. of blood in a dry syringe and transfer 
to a plain test tube; allow it to clot; then separate serum by centrifugation. 

2. If sufficient serum has been obtained run a duplicate determination. 

3. Pipet 2 c.c. of water into a centrifuge tube, then 2 c.c. of serum and 1 c.c. 
of ammonium oxalate solution. 

4. Mix thoroughly with a stirring rod. 

5. Allow to stand 30 minutes. 

6. Centrifuge at a high speed appi oximately 5 minutes. The precipitate must be 
well packed in the bottom of the tube. 

7. Decant the supernatant liquid with care, then place the tube in a rack for 
5 minutes to drain with the mouth of the tube resting on a piece of filter paper. 

8. Wipe the mouth of the tube dry with a piece of filter paper. 

9. With a pipet wash the sides of the tube and precipitate with 3 c.c. of the 
dilute ammonium hydroxide solution. 

10. Centrifuge and drain as before. 

11. Add 2 c.c. of the normal sulphuric acid, breaking the mat with the stirring 
rod. 

12. Place the tube With the stirring rod in a boiling water bath for 1 minute. 

13. Immediately titrate the solution with N/100 potassium permanganate 
solution. The end point is the faintest pink color that persists for about 1 minute. 

Calculation. — T. c.c. of permanganate used in titrating serum. 

X = mg. of calcium per 100 c.c. of blood serum. 

F = Factor value of the permanganate solution. 

X = 10 X F X T. 

Notes. — 1. The normal range is about 9 to 11 milligrams in 100 c.c. of serum. 
In children and infants it is slightly higher. In tetany and after parathyroidectomy, 
there is a decrease. Low calcium is frequently found in acute rickets, pneumonia, 
and in some cases of epilepsy. 

2. The centrifuge lubes should be perfectly clean. They should be kept in 
potassium dichromate sulphuric acid cleaning solution. 

3. All glassuare used in the determination must be rinsed with distilled water. 

4. In titrating, the permanganate should be added very slowly at the beginning, 
as it takes a little time for the reaction to start and oxygen will be lost if per- 
manganic acid accumulates. Tire second drop should not be added until the pink 
color given by the first drop has disappeared. The titration temperature is impor- 
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tant and should be 70° to 75° C. at the start and not lower than 60* C- at the end. 
Otherwise too much permanganate will be u«ed. The centrifuge tube may be con- 
veniently held in the water bath with a test-tube holder and may be stirred by 
giving it a gentle whipping motion. The end-point is to be taken as the faintest 
persisting pink color that can he recognized when looking down the tube against 
a white background; at tliia point no pink color is recognized if one looks through 
the tube. 


DETERMINATION OF CHOLESTEROL 
(Myers and Wardell) 

Principle. — The cholesterol is extracted from blood dried with plaster of Paris 
or washed sea sand, by continuous extraction with chloroform. The green color 
produced in this chloroform extract by acetic nnh)dride and sulphuric acid is 
compared with the color similarly produced in n cholesterol standard. 

Materials : 

Apparatus . — Soxhlet extraction apparatus, preferably sjphnn thimble type. 
Mortar and pestle, glass, 3". 

Hot plate, electric. 

Drying oven. 

Chemicals. — Chloroform, ClICIj. 

Plaster of Paris, 2CaS0 4 :H 2 0, or washed sea sand. 

Cholesterol, C.. 7 IL s OH, 

Acetic anhydride, (CH»CO) 2 0. 

Sulphuric acid, II 2 S0 4 . 

Solutions . — Cholesterol stock: In a 100 c.c. volumetric flask, dissolve 0.16 gm. 

of cholesterol in chloroform and dilute to the mark with the 


Standard cholesterol: Transfer 5 c.c. of cholesterol stock to a 100 c.c. volumetric 
flask and dilute to the mark with chloroform, 10 r.c. = 0.8 mg. cholesterol. (See 
Note 5.) 

Procedure. — 1. Pipet 1 c.c. of blood into about 5 grams of plaster of Paris 
in a glass mortar. Mix thoroughly and place in drying oven at 105° C. for one 
hour. 

2. Transfer the pulverized dried mass to the extraction thimble. Place from 
20 to 25 c.c. of chloroform in the extraction apparatus (Pigs. 360 and 361) and 
extract for ninety minutes on the electric hot plate. 

3. Transfer the chloroform extract to one of the 25 c.c. flasks, rinse and dilute 
to the mark with chloroform. Mix. 

4. Pipet 10 c.c. of the cholesterol standard into a dry test tube. Into other dry 
test tubes pipet 10 c.c. of the chloroform extracts. To each add 2 c.c. of acetic 
anhydride and 0.2 c.c. of sulphuric acid. Place the test tubes near the colorimeter 
in the light by which the reading is to he made and allow to stand for fifteen 
minutes. Compare in the colorimeter. 
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Calculations: 

S = reading of standard extract < 

R = .reading of blood extract 
* ~ milligrams of cholesterol per 100 c.c. of blood 

2G0S 

,-v- R 

Or set A at 10 millimeleis when 20 X S = milligrams of cholesterol per 100 c.c 
of blood. 


Notes. — 1. The normal concentialion 



of cholesterol in the blood ranges from 
140 to 170 mg. per 100 c.c. of blood. 

2. In order that the final color may 
he free from turbidity, all reagents must 
be anhydrous (chloroform and acetic 
anhydride redistilled). All glassware 
must be absolutely dry. 

3. Cholesterol is partly endogenous 
and partly exogenous; the latter particu- 
Iaily from eggs, butter, meats, and some 
vegetables. 

4. Cholesterol has been found increased 
in diabetes with lipemia, nephritis, com- 
plete obstruction of the common bile 
duct, during pregnancy and in some cases 
of choleihiasis and arteriosclerosis. De- 
ci eased concentration has been observed 
in pernicious anemia, cachexia of malig- 
nancy and in some cases of high fever. 



Tiox Apparatus 
ron Cholesterol 
Determination 
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5. An artificial color standard may be used instead of tlic cholesterol in 
chloroform solution. This consists of an 0.005 Jo water solution of Naphthol 
Green B. This color should be checked against the true cholesterol standard 
color. Protected from light it keeps indefinitely and avoids the possibility of the 
standard increasing in strength due to evaporation of chloroform. 

DETERMINATION OF CHOLESTEROL 
( Modification of Bloor's Method) 

Principle. — Cholesterol and fats are extracted from blood with an alcohol- 
ether solvent. After evaporation of the solvent the cholesterol is dissolved in 
chloroform and determined colorimetrically after the addition of acetic-anhydride 
and sulphuric acid. 

Materials : 

Alcohol, C : H«OH, absolute 
Ether, (Cjll 5 ) jO, anhydrous 
Acid sulphuric, H*SO t 
Acetic anhydride, (CH a C0) 2 0 
Cholesterol, C-tILjOH 
Chloroform, CHC1 

Solutions. — Cholesterol Stock Solution. — Weigh on an analytical balance 0.16 
gram of cholesterol, transfer to a 100 c.c. volumetric flask and dilute to the 
graduation with chloroform. Concentration — 1.6 milligrams per c.c. 

Cholesterol Standard Solution. — Transfer 5 c.c. of cholesterol stock solution to 
a 100 c.c. volumetric flask and dilute to the mark with chloroform. Mir. Con- 
centration — 0.8 milligrams cholesterol per 10 c.c. 

Alcohol-Ether Solution. — Three volumes of absolute alcohol are mired with 
one volume of ether. Keep in a cool place. 

Procedure. — 1. Pipet 25 c.c. of alcohol-ether solution into a 50 c.c. Erlen- 
meyer flask. Add exactly 1 c.c. of oxalaled blood, drop by drop, with agitation. 

2. Boil flask for 2 minutes in a water bath. 

3. Filter through Whatman paper No. 40. Rinse the flask with three 1- c.c. 
portions of alcohol ether solution, and pour on the filter. Collect the filtrate in a 
50 c.c. beaker. 

4. Evaporate the contents of the beaker into dryness, taking care that the 
temperature does not exceed 90° C. 

5. Add 5 c.c. of chloroform to the residue, and boil 1 minute, then transfer 
into a 25 c.c. volumetric flask. Repeat this procedure three times with new por- 
tions of chloroform, finally diluting with chloroform to the 25 c.c. graduation. 
When at room temperature check the volume and mix thoroughly. 

6. Pipet 10 c.c. into a test tube, label “B." 

7. Pipet 10 cr.c. of standard cholesterol solution into a test tube and label “S.” 

8. To each test tube add 2 c.c. of acetic anhydride, then 0.2 c.c. of sulphuric 
acid. 
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’(* 

9. Stopper and mix. * 

10. Place the lest tubes in a beaker ol cold water and stand befote tbe colori- 
meter lamp for 15 minutes. 

Calculations. — Set “B,” tbe unknown, at 20 millimeters, when 10 X 5 equals 
milligrams of cholesterol per 100 c.c. of blood. 

Notes . — The noimal cholesterol with this method analysis is 160 to 200 milli- 
grams per 100 c.c. of blood. 

DETERMINATION OF ALBUMIN AND GLOBULIN IN BLOOD SERUM 

Principle. — Total proteins are determined by using a micro Kjeldahl method 
followed by nesslerization. Globulin is precipitated from blood serum by means 
of sodium sulphate solution and albumin is determined in the filtrate in the 
same way. A correction is made for nonprotein nitrogen. Globulin is determined 
by subtracting the albumin from total protein. 

Materials : 

Apparatus: Incubator at 37° C. 

Test tube, Pyrex, 75 c.c. 200 X 30 mm. graduated at 25 and 50 c.c. 

(2). Rubber stoppers to fit. 

Chemicals: Sodium chloride NaCI. 

Sodium sulphate Na 2 S0 4 anhydrous. 

Hydrogen peroxide H a 0 2 30% “Superoxol.” 

Copper sulphate CuSO., :5ILO. 

Sulphuric acid H 2 S0 4 

Ammonium sulphate (NH 4 ) 2 S0 4 Special, Pyridine Free. 

Mercury Hg. 

Iodine I 2 

Potassium Iodide KI. 

Sodium hydroxide NaOH. 

Reagents. — Nessler: See “Determination of Nonprotein Nitrogen in Blood,” 
page 719. 

Standard ammonium sulphate: See “Nonprotein Nitrogen in Blood,” page 719. 

Sulphuric acid digestion mixture: Dissolve 0.5 gm. of copper sulphate in 10 c.c. 
of water; carefully add 100 c.c. of sulphuric acid. Pour this mixture slowly into 
100 c.c. of water, stirring constantly. 

Sodium sulphate solution: Weigh 22.2 gm. of anhydrous sodium sulphate and 
introduce into a 100 c.c. volumetric flask. Add hot water to dissolve, cool and 
dilute to the mark. 

Sodium chloride solution: In a 100 c.c. volumetric flask dissolve 0.85 gm. of 
sodium chloride in water and dilute to the mark. j 

Procedure. — 1. Place in the incubator at 37° C. a 50 c.c. volumetric flask and 
stopper, a 1 c.c. and a 15 c.c. volumetric pipet, two 50 c.c. stoppered cylinders, 
small funnel, watch crystal, 2 filter papers 11 cm. diameter, the sodium sulphate 
solution and the sodium chloride solution. Let remain for about 30 minutes. 



748 


CHEMICAL METHODS 


2. The blood is collected in a plain test tube and in an oxalated test tube. The 
clotted sample is centrifuged and the serum placed in the incubator for 30 minute 1 *. 

3. Total Protein Dilution: Pipet 1 c.c. of serum into a 50 c.c. volumetric flask, 
add the sodium chloride solution to the mark and mix. 

4. Albumin Dilution: Pipet l c.r. of scrum into a 50 c.c. stoppered cylinder 
and using a 15 c.c. pipet, add 30 cx. of the sodium sulphate solution. Mix. Let 
remain in incubator for 3 hours. Filter, using double filter papers, into a 50 c.C. 
cylinder, refiltering through the same papers until clear. Cover funnel with watch 
crystal during filtration. 

5. Pipet 1 cx. of total protein dilution into a graduated Pyrex test tube and 
odd 1 c.c. of the sulphuric acid digestion mixture. Preferably heat in a hood 
using a micro burner until water has boiled off and dense white fumes appear. 
Continue heating slowly until solution turns black. If solution fails to clear after 
continued heating of one minute, add 2 drops of Superoxol and heat until solution 
changes to a pale straw color. Boil again one minute. Let cool. Dilute to the 25 c.c. 
mark. 

6. Pipet 1 c.c. of the albumin dilution into a graduated Pyrex test tube and 
digest the same way as the total protein dilution. Dilute to the 25 c.c. mark. 

7. The nitrogen content of the Superoxol must be determined. To 1 c.c. of sul- 
phuric acid digestion mixture in a graduated Pyrex test tube slowly add 30 drops of 
Superoxol. Digest as above. Dilute to the 25 c.c. mark. 

8. Determine the nonprotein nitrogen of the blood, using the method of 
“Determination of Nonprotein Nitrogen in the Blood” from the oxalated sample, 
see page 719. 

9. Ammonium Sulphate Standard . — Pipet 3 c.c. of ammonium sulphate standard 
into a 100 c.c. volumetric flask. Add about 50 c.c, of water. Add 2 c.c. of sul- 
phuric acid digestion mixture. 

10. To each of the Pyrex test tubes add 15 c.c. of Nesslex’s solution. Add 
30 c.c. of Nessler’s solution to the standard solution. Dilute the test lubes to the 
50 c.c. mark and the standard solution to the 100 c.c. mark. Stopper. Mix. Com- 
pare colorimetrically. 

Calculation: 

S = reading of the standard. 

E = mg. nitrogen per 1 drop Superoxol. 

D r= number of drops Superoxol used in the digestion. 

NPN = mg. nonprotein nitrogen per 100 c.c. of blood. 

T = 5000 (factor for total protein dilution). 

A — 3100 (factor for albumin dilution). 

Set each unknown at 15 mm. 

Albumin $ or total protein c /o = 

[(S^M5 _ de ) ,t „ A) _ NPN j “g 
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E= "j ~ n *g- nitrogen per 1 drop Superoxol. 

Per cent total protein minus per cent albumin = per cent globulin 

Notes: If a blood urea N. has been determined at the same time and is normal, 
it is not necessary to do a nonprotein nitrogen. A subtraction of 25 mg. may be 
used for the nouprotein nitrogen in the calculation. 

It is important to separate the proteins at 37° C. and that all the solutions and 
glassware be at this temperature. 

Frequently the digestions can be made without the use of Superoxol, 

Normal protein content of serum is 6 to 9 per cent. 

Normal albumin content of serum is 4.5 to 6.5 per cent. 

Normal globulin content of serum is 1.5 to 3 per cent. 


Protein Quotient 


Albumin 

Globulin 


Normal ratio is 1:1.5. 


In nephrosis the total protein content is decreased, as well as the albumin but 
the globulin is increased. Globulin is also increased in various anaphylactic con- 
ditions, in malignancy and in toxic conditions of scarlet fever, erysipelas,' pneu- 
monia and in toxemia of pregnancy. 


DETERMINATION OF ALBUMIN AND GLOBULIN IN BLOOD SERUM 

(Greenberg) 

Principle. — Globulin is precipitated from blood serum by sodium 
solution. Albumin is determined in the filtrate by means of a phenol 
Total protein is determined by the same reagent. Total protein minus 
equals globulin. 

Materials. — Incubator at 37° C. 

Whatman filter paper No. 42. 

Sodium sulphate Na-SO* anhydrous. 

Sodium chloride NaCl. 

Sodium hydroxide NaOH. 

Tyrosine HOCJLCJL (NH 2 ) COOH. 

Hydrochloric acid HC3. 

Sodium tungstate' Na«WO^ :2FI 2 0 Special. 

Sodium molybdate NaMoO* :2H 2 0. 

Phosphoric acid H-PO.,, 33 per cent 

Lithium sulphate Li 2 S0 4 :H 2 0. 

Bromine Br 2 . 

Reagents. — 1. Standard Tyrosine Solution . — Using an analytical balance weigh 
0.2 grams of tyrosine, transfer to a liter volumetric flask, dissolve in and dilute 
to the graduation using N/10 hydrochloric acid solution. 


sulphate 

reagent. 

albumin 
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2. N/10 Hydrochloric Acid Solution. — For preparation gee Chapter XXXIII. 

3. JO per cent Sodium Hydroxide Solution. — For preparation see Chapter 

XXXIII. 

4 22.2 per cent Sodium Sulphate Solution. — Weigh 22.2 gram? of the sodium 
sulphate and introduce into a 100 c.c. volumetric flask. Add hot water to dissolve 
and dilute to the graduation. 

5. Phenol Reagent. — Introduce into a 2 liter Pyrex Erlenmeyer flask 100 
grams of sodium tungstate, 25 grams of sodium molybdate, 700 c.c. of water, 
50 c.c. of phosphoric acid and 100 c.c of concentrated hydrochloric acid. Reflux 
gently for 10 hours, then add 150 grams of lithium sulphate, 50 c.c. of water 
and a few drops of bromine. Remove the condenser and hoi! this mixture 15 min- 
utes to remove excess brom>ne. Bromine fumes arc poisonous, therefore the mix- 
ture should be boiled in a fume closet. Cool, dilute to 1 liter and filter. The 
solution should have no greenish tint. Preserve in a glass stoppered brown bottle. 

6. 0.85 per cent Sodium Chloride Solution . — In a 100 c.c. volumetric flask 
dissolve 0.85 gram of sodium chloride in water and dilute to tiie graduation. 

7. N/100 Sodium Hydroxide Solution . — This solution need not he standardized; 
dilute 0.4 c.c, of the 105® sodium hydroxide solution to 100 c.c. 

Procedure. — 1. Place in an incubator at 37° C. a 1 c.c. Mohr pipet, a piece 
of filter paper, the sodium sulphate solution, two G inch test tubes and a funnel. 
Let remain for about 30 minutes. 

2. The blood is collected in a plain test tube and allowed to clot. Centrifuge 
and separate the serum, placing it in the incubator for about 30 minutes. 

3. Pipet 0.5 c.c. of serum into a test tube from the incubator. Add 9.5 c.c. of 
the sodium sulphate solution. Mix thoroughly and place in the incubator over- 
night. 

4. Filter through the filter paper, refiltering if the filtrate is not clear. Use the 
filtrate for the albumin analysis. The precipitate upon the filter paper is used for 
the globulin analysis. 

5. Albumin is determined by pipeting 5 c.c. of the filtrate into a 50 c.c. volu- 
metric flask, adding 35 c.c. of water, 4 c.c. of the 10 per cent sodium hydroxide 
solution, 3 c.c. ol the phenol reagent and diluting with water to the graduation. 
Stopper and mix. 

6. A standard is prepared by pipeting 4 c.c. of the tyrosine standard solution 
into another 50 c.c. volumetric flask, adding 35 c.c. o! water, 4 c.c. of the 10% 
sodium hydroxide solution, 3 c.c. of the phenol reagent and diluting with water 
to the graduation. Stopper and mix. 

7. Globulin is determined by rinsing the test tube in which it was precipitated 
onto the filter paper with two 3 c.c. quantities of the sodium sulphate solution. 
Wash the filter paper twice with 3 c.c. quantities of the same solution. Discard 
the 12 c.c. of washings. Insert the neck of the funnel into a 50 c.c. volumetric 
flask. Perforate the filter paper and wash the precipitate into the flask, using 
approximately 15 or 20 c.c. of Iv/100 sodium hydroxide solution. Complete the 
washing, using approximately 10 r.c. of water. Add 4 c.c. of 10^3 sodium hydrox- 
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Me solution. 3 c.c. of the phenol icagent and dilute to the graduation with water. 
Sloppei and mix. 

8. Total protein is deleunined by diluting 1 c.c. of serum with 9 c.c. of the 
0.85% sodium chloride Solution. Mix. Pipel 2 c.c. of this dilution into another 
50 c.c. volumetric flask, add 35 c.c. of water. 4 c.c. of 10 % sodium hydroxide 
solution. 3 c.c. of the phenol reagent and dilute to the graduation with water. 
Stopper and mix. 

9. Allow the standard and 3 unknowns to stand for 5 minutes before comparing 
in a colorimeter. 

Calculation. — S = reading of the standard. 

B = reading of the blood serum. 

Q = the aliquot of serum used. 

F = factor for color equivalence of 1 mg. of tyrosine. 

F = 16.6 for albumin. 

F = 14.4 for globulin. 

F = 16. for total protein. 

S X 1 X 100 X F 

E X "Q X iooT = per ccnl prote "- 

or set B (albumin) at 10 mm. when S X 0.664 = per cent albumin. 

set B (globulin) at 10 mm. when S X 0.288 = per cent globulin. 

set B (total protein) at 10 mm. when S X 0.8 = per cent total protein. 

Total protein per cent minus albumin per cent equals globulin pei cent. 

Notes . — 1. This analysis should be started the same day that the blood is 
collected. 

2. 4 c.c. of 10 per cent sodium hydroxide is used in place of 2 c.c. of 5 times 
normal sodium hydroxide as required in the original method, the 10 per cent 
is standardized as described in Chapter XXXIII. This was done as there is very lit- 
tle use for the 5 times normal solution in a chemical laboratory. 

3. It is not necessary to do the globulin analysis if the total protein and 
albumin are determined. 

4. The normal protein content of serum is 6 to 9%. 

The normal albumin content of serum is 4.5 to 6.5%. 

The normal globulin content of serum is 1.0 to 3%. 

DETERMINATION" OF CAROTIN 

Principle. — Carotin-colored serum has an orange tint while bilirubin gives it 
more of a straw color. 

Procedure (Johnson). — 1. The clear serum, practically free from corpuscles, 
which pi esses out when freshl) clotted blood is allowed to clot without being 
disturbed, is completely desiccated with an excess of plaster of Paris. 

2. The poudery mass is then moistened to a thick paste with absolute or 98% 
alcohol and thoroughly shaken with low boiling-point petroleum ether (30° to 
50° C.). 
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3. Yellow discoloration of the petroleum ether signifies carotin. (Extracting 
pigment from alcohol-moistened serum by means of petroleum ether is equivalent 
to extracting the pigment from 80 to 909b alcohol by petroleum ether and indi- 
cates its carotin nature. But little carotin can be extracted from scrum by direct 
shaking with fat solvents.) 

4. The following test may also be used but is not as delicate as the above: 
Lipochromes, including carotin, are precipitated with proteins when 2 volumes of 
95% alcohol are added to 1 volume of serum while bilirubin remains in the 
supernatnnt fluid when the precipitated proteins are centrifugalized. 

DETERMINATION OF OXYGEN CAPACITY 

1. The Van Slyke blood gas apparatus (see Fig. 368) is washed out twice 
with water before each analysis in order to remove the alkali used to absorb 
carbon dioxide in any previous analysis. 

2. The entire apparatus is filled with mercury, including the capillaries above 
the upper stopcock. For 2 c jc . of blood, introduce 6 c.c. of water, 0.3 c.c. of 1 per 
cent saponin (Merck) solution and 2 or 3 drops of caprylic alcohol into the 
apparatus, and free of air by evacuation and fifteen seconds of shaking. The 
extracted air is expelled and the extraction is related until no more air is 
obtained. 

3. The air-free solution is now drawn down and trapped in the wide branch 
of the apparatus below the lower stopcock. The 6topcock is turned and mercury 
run very slowly upwards through the apparatus in order to collect the film of water 
left on the inside and this film is expelled through the outlet capillary on the 
left side. Mercury' is now run into the bottom of the cup and any moisture in the 
cup is dried by filter paper. 

4. Two c.c. of oxalated blood are now drawn into the 50 c.c. chamber from a 
pipet by lowering the mercury reservoir, and are trapped near the bottom of 
the chamber. While the upper stopcock remains open, the apparatus is shaken for 
two or three minutes, thus saturating the blood with oxygen. 

5. The mercury is run up again into the 50 c.c. chamber, collecting the blood 
at the top. When the blood reaches the upper stopcock, this is closed. The lower 
stopcock is turned so that the previously trapped air-free water is allowed to rise 
in the chamber. The lower stopcock is closed and the apparatus shaken a few 
seconds to mix the water and blood. The blood is laked in one and one-half 
minutes. 

6. From 0.10 to 0.12 c.c. of potassium ferricyanide solution (20 grams per 
100 c.c. water) is measured into the cup and introduced into the chamber with 
the laked blood. (The ferricyanide may be measured with sufficient accuracy as 3 
drops from a dropper which delivers 1 c.c. in 25 to 30 drops.) A mercury seal 
is made and the apparatus is evacuated and shaken for two to three minutes. 

7. The evolved gas is composed of oxygen, nitrogen and carbon dioxide. In 
order to absorb the carbon, dioxide the leveling bulb is placed at such a height 
that the mercury in it is slightly below the level of the mercury in the apparatus. 
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Oxygen Unsaturation. — *1. Volume per cent oxygen tinsaluration equals 
volume per cent ox)gen capacity minus volumes per cent oxygen bound by hemo- 
globin in venous blood. 

2. This latter determination is made in the same manner as the oxygen content 
but the calculation is changed as follows: 

V ( 50 X 760(1 + 0.0)(XJ67») ~ 1 - S = vol “““ I* r <*"« 
bound by hemoglobin in venous blood. 

DETERMDTATIOW OF METHEMOGLOBIN 

Principle. — -The method depends upon the fact that both hemoglobin and 
methemoglobin are changed quantitatively to cyanhcmoglobin by dilute solutions 
of potassium cyanide. The color of the latter is a brilliant orange-red and is very 
suitable for colorimetric comparison. The change o{ methemoglobin to cyan- 
hemoglobin is rapid even in the cold. Hemoglobin, however, changes slowly at 
room temperature, and this difficulty is avoided by converting all the hemo- 
globin present into methemoglobin by use of potassium ferricyanidc and then 
converting the methemoglobin into cyanhemoglobin. The resulting solution of 
cyanhemoglobin is compared with a standard of known strength in a Duboscq 
colorimeter. 

The total amount of hemoglobin plus methemoglobin having thus been deter- 
mined colorimetrically, the hemoglobin content of the blood containing the two 
pigments (hemoglobin and methemoglobin) is determined separately from tbe 
oxygen capacity, employing tbe gasometric technic of Van Slyhe. The hemoglobin 
determined by the oxygen capacity is subtracted from the hemoglobin plus 
methemoglobin determined together as cyanhemoglobin ; the difference is melhemo- 
globin. 

Standard. — 1. The hemoglobin content (grams per 100 c.c.) is determined gaso- 
metrically. 

2. Then place 10 c.c. of oxalated or defibrinated blood, which is known to 
contain no methemoglobin, in a 500 c.c. flask. 

3. Hemolyze by adding 300 c.c. water. 

4. Add 2.5 c.c. of 3% potassium ferricyanide solution and let stand twenty 
minutes. 

5. Now add 25 c.c. of 0.1% potassium cyanide solution and dilute to 500 c.c. 

The blood pigment value ol this solution is known from the gasometric deter- 
minations and the unknown may be compared directly with it or suitable dilutions 
of the standard may be made. 

Example of calculation: Strength of standard equals 15 grams hemoglobin 
per 100 c.c. blood. Comparison of cyanhemoglobin in colorimeter: Standard 10, 
unknown 12. Unknown has 10/12 of 15 or 12.5 grams of total blood pigment 
per 100 c.c. Gasometric determination of hemoglobin equals 10 grams per 100 c.c. 
Therefore, sample has 12.5 less 10 or 2.5 grams of methemoglobin per 100 c.c. 
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'•’.graduation.- . ; / ,i' : . ;*■: 1 p 
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'approjiiinately 7. ,graiM‘- of j r pdta^siiim : pershlphate/'dddj approximately/.' 



S 1> m. t’vdd ;' * ■‘t} rt ? ' 


756 CHEMICAL METHODS 

18 ex. of water. Dilute with water to the 1 liter graduation. 1 c.c. is equivalent 
to 0.1 milligram of iron. 

Procedure. — 1. Carefully pipet 0.5 c.c. of oxalaled blood Into a 50 c.c. volu- 
metric flask. 

2. Add 2 c.c. of the concentrated sulphuric acid. Mix. 

3. Add 2 c.c. of the potassium persulphate solution. Mix. 

4. Add approximately 25 c.c. of water. Mix. 

5. Add 2 c.c. of the sodium tungstate solution. Mix. 

6. Cool to room temperature and dilute to the graduation with water. 

7. Mix thoroughly, then filler. 

8. Pipet 20 c.c. of the clear filtrate into a 25 c.c. stoppered cylinder and label B. 

9. Pipet 1 c.c. of the iron standard solution into another 25 c.c. stoppered 
cjlmder and label S. 

10. Add 0.8 c.c. of the concentrated sulphuric acid to the standard cylinder. 
Dilute with water to the 20 ex. graduation. Cool to room temperature. 

11. Add 1 c-c. of the potassium persulphate solution to each cylinder. 

12. Add 4 ex. of the potassium thiocyanate solution to each c> Under. 

13. Mix and compare in the colorimeter. 

Calculation: 

milligrams of iron per 100 c.c. of blood. 

or set B at 10 mm. when S X 5 = milligrams of iron per 100 c.c. of blood. 

S v 20 

— ^ — = volumes per cent of oxygen capacity of blood. 

Mjlligrams of iron per 100 c.c. of blood divided by 3.35 = grams of hemoglobin 
per 100 c.c. of blood. 

Notes. — 1. If the color of B In the iron determination is too light for com- 
parison, the cup can be set at 25 millimeters when S X 2 milligrams of iron per 
100 c.c. of blood. 

DETERMINATION OF BLOOD PHOSPHATA8E 
{Dodansky’s Method) 

Principle. — The diiterenee between the amount of total inorganic phosphorus 
in the blood serum after its phosphoric esters have acted upon sodium gljcero- 
phosphate substrate and the amount determined without using a substrate is the 
quantity of phosphatase in the blood. 

Materials: 

Sodium beta-glycerophosphate, Na ; C 3 H 3 (OH) iPQjiSV&HjO. 

Mono-sodium dielhj 1-barbiturate (veronal), tCJLJjrCrCCONNa-CONH) :CO. 
Tricbloreacetic acid, C.P., CClj(COOH) . 

Molybdic acid (ammonia and phosphate free), MoO*. 

Stannous chloride, C.P., SnCl : . 
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Mono-potassium phosphate, C.P., KH 2 P0 4 . 

Acid Hydrochloric, HC1, Sp. Gr. 1.18. 

, Acid Sulphuric, H 2 S0 4 , Sp. Gr. 1.84. 

Sodium Hydroxide, NaOII. 

Solutions. — Buffered Substrate Solution. — Dissolve in a 500 c.c. volumetric 
flask 2.5 grams of sodium beta-glycerophosphate and 2.12 grams of monosodium- 
diethyl barbiturate in distilled water and dilute to the graduation. Mix thoroughly. 
Add 2-3 drops of chloroform and keep in a refrigerator. 

10% Trichloracetic Acid Solution. — Dissolve 10 grams of trichloracetic acid 
in distilled water and dilute to 100 c.c. 

10 Normal Sulphuric Acid Solution. — To approximately 500 c.c. of water in 
a beaker add 270 c.c. of sulphuric acid. When at room temperature dilute to a 
volume of 1 liter. This is approximately correct and sufficient for this purpose. 

7.5 % Sodium Molybdate Solution. — Place 90 grams of molybdic acid in a 2 
liter volumetric flask. Add 500 c.c. of 10% sodium hydroxide solution (prepared 
as described in Chapter XXXIII) . When the acid has dissolved dilute to the 2 liter 
graduation with water. Mix. The solution should be faintly alkaline to phenol- 
phthalein. Allow to stand and decant the supernatant fluid for use. 

Molybdic Acid Solution. — Transfer 3 c.c. of 10N sulphuric acid solution to a 
25 c.c. glass stoppered cylinder. Add 3 c.c. of the 7.5% sodium molybdate solu- 
tion. Mix. Add 6 c.c. of water. Mix. Prepare for each determination. 

Stock Stannous Chloride Solution. — Transfer 30 giams of stannous chloride 
to a 50 c.c. of glass-stoppered volumetric flask. Add hydrochloric acid to make 
a solution and dilute to the graduation with the acid. This solution may be used 
for several months if kept in a refrigerator. 

Dilute Stannous Chloride Solution. — Transfer 1 c.c. of stock stannous chloride 
solution to a 200 c.c. glass-stoppered volumetric flask. Dilute to the graduation 
with water. Mix. Prepare for each determination. 

Stock Phosphate Solution. — Using an analytical balance weigh 0.439 gram of 
monopolassium phosphate. Transfer to a liter volumetric flask. Add 1 c.c. of con- 
centrated sulphuric acid and dilute to the mark with water. Mix thoroughly.-. 
10 c.c. contains 1 milligram of phosphorus. 

Standard Phosphate Solution. — Transfer 10 c.c. of stock phosphate solution to 
a 250 c.c. volumetric flask. Dilute to the graduation with water. Add one drop of 
toluol. Mix. 5 c.c. contain 0.02 milligram of phosphorus. 

Procedure. — 1. Collect 10 c.c. sample of blood in a plain tube and allow to 
clot. 

2. Centrifuge the blood and remove the serum. 

3. Place 10 c.c. of the buffered substrate solution in a 25 c.c. test tube. 

4. Place in a water bath or incubator at 37° C. for a few minutes. 

5. Add 1 c.c. of blood serum, invert once, and replace in water bath ior one 
hour. 

6. Cool under running water. 

7. Add 9 c.c. of 10% trichloracetic acid solution, mix, stand 10 minutes and 
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then filter. This is the total inorganic phosphorus filtrate. Label this filtrate TIP. 

8. Pipet 2 c.c. of blood serum into another 25 c.c. test tube. 

9. Add 9 c.c. of water and 9 *c.c. of 10% trichloracetic acid solution. Mix. 
Allow to stand for 10 minutes, then filter. This is the scrum inorganic phosphorus 
filtrate. Label SIP. 

10. Pipet 5 c.c. of each filtrate into a respective test tube labeled SIP and TIP. 

11. Into a similar test tube pipet 5 c.c. of standard phosphate solution. 

12. To each of the 3 tubes add 4 c.c. of molybdic acid solution. Mix slightly. 

13. To each tube add 1 c.c. of dilute stannous chloride solution. Invert each 
tube twice immediately. Allow to stand 3 minutes. 

14. Compare in colorimeter. 

Calculation. — Set TIP and SIP at 10 millimeters when if R equals the reading 
of the standard then 

Total inorganic phosphorus (TIP) = RX0.B = milligrams phosphorus 
per 100 c.c. 

Serum inorganic phosphorus (SIP) = R X 0.4 = milligrams phosphorus 
per 100 c.c. 

Phosphatase units equal milligrams of inorganic phosphorus of the total inor- 
ganic phosphorus analysis (TIP) minus_ milligrams inorganic phosphorus of the 
serum inorganic phosphorus analysis (SIP). 

One Bodansky unit equals the equivalent of one milligram inorganic phos- 
phorus liberated from 6odium gl j cerophosphate substrate during the first hour at 
pH 8.6 and at 37“ C. per 100 c.c. of serum. 

A 'otes. — 1. The normal values for adults in Bodansky units are 1.5 to 4 and for 
children 5 to 12. 

2. Phosphatase units determined by different methods of analysis are not the 
same, therefore in reporting phosphatase units the name of the author of the 
method of analysis should always be mentioned. 

3. Phosphatase units are increased in most conditions effecting the bones. 

Polyostotic Paget’s disease 50,0-135.0 units 

Polyostotic Paget’s disease with healing .... 25.0- 50.0 units 

Localized Paget’s disease 5.0- 20.0 units 

Osteosclerosis fragilis 15.5- 21.3 units 

(Marble bones, Abers-Schonberg disease) 

Infantile rickets 30.0-190.0 units 

Healed rickets 6.0- 14.0 units 

Multiple Myeloma 1.8- 28.1 units 

Generalized osteoporosis (up to middle age) . 5.0- 10.0 units 

Senile osteoporosis 1.5- 4.0 units 

Clinical hyperparathyroidism about 25.0 units 

Osteomalacia High units 

Hyperthyroidism with Lone changes High normal to slight increase 
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Erythroblastic anemia .» v. High normal to slight increase \ 

. Osteomyelitis Normal to slight increase 

Fractures .Normal to slight increase . 

Gaucher’s disease .'Normal to slight increase; , 

Arthritis High • 

Bone cysts • .High ’ 

Acromegaly High *, .. yA'A. 

Fragililus osseum Normal ; . 

Non-bone cysts Normal ■ 

Achondroplasis Normal / ■ 

Osteogenesis imperfecta Normal ' r' v. 

. Obstructive jaundice High ■ ' . 

Other, types of jaundice — Normal . ; . . :: r, '^r 1 : 

DETERMINATION OE CYSTINE IN FINGER NAILS .’V 

, * ( Sullivan ) '■ 

Principle: The color produced by treating the hydrolyzed nails with -sodium 
naphthoquinon sulfonate is compared with a standard solution of cystine. ■ Av > 

, Apparatus . — Small acetylation flasks . , y A-/-? 'VA y- : 

Oil bath . , _ ■> . ; vj v 

, Beakers, 50 c.c. capacity ; % ‘f‘. 

Reagents. — 1. 15N sulfuric acid, made by diluting about 430 c.c, of the con-. 

eentrated acid to one liter. , . v 1 / 

2. 0.1N hydrochloric acid, made by diluting 10 c.c. of • the . concern f . 

trated acid to one liter. " . - 

3. Freshly prepared 5% solution of sodiuhi cyanidei y ‘ ‘ ; 

4. Freshly prepared 0.5% ; solution of l,2; naphthoquinon— 4-f- ■ 

sodium sulfonate. V' : , 

5. 0.5N sodium hydroxide prepared by diluting 50' c.c. of ,40%Ao' :! .'. 

, one liter. '• \ .A 

6. 10% sodium sulfite in 0.5N sodium hydroxide. •; > 

7. 2% sodium hyposulfite (N T a 2 S 2 0^). in 0.5N : sodium hydroxide. , , 

8. Carbex E. • /' ■ 

Standard Solution.— Weigh exactly 200 mgm. of :cystine; and transfer to a . one *, 
liter volumetric flask: Add about, 500 c.c. of 0’1N . hydrochloric acid. Shake until 
dissolved and dilute to the mark. with 0,1 N .hydrochloric' acid:.. This solution keeps: • 
well in the ice box, and contains one mgm. of cystine per 5 c.ci : . ki , * ' V . • 
Procedure.—],. Clean- the finger nail clippings by gerilly 'rubbing?w ; illi ..the- : 
blunt edge of a scalpel or. similar instrument, \then immerse for d short time iii 
acetoricj decant the acetone, -dry ,hy fanning, arid cover, withy ether, Stir for about - • 
5 minutes, decant the ether arid dry the clippings. \ A ' ; *; - A ' 

2. Cut the clippings into small bits and, weigh 50 mgm. on an accurate analytical 
’ balance; •' *'■ ..•* tA '":J '\-y y :v--’-v y ';y.. ■' 
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3. Transfer the weighed, finely cut clippings to a small flask, add 0.15 c.c. o f 
15N sulfuric acid and digest on an oil hath for one hour at 150° C. 

4. Wash the dark hydro! isate into a small beaker with 5 c.c. of water, add about 
25 mgm. of carbex E, heat to a gentle boil and filter, catching the filtrate in a 
25 c.c. graduated cylinder. The filtrate should be clear and colorless. 

5. Wash the filter with 3 c.c. of 0.1N hydrochloric acid, followed by water until 

the filtrate reaches the 25 c.c. mark. * 

6. Mix the filtrate which is now ready for color development. 

7. In a test tube marked S pipette 5 c.c. of the cystine standard. 

8. In a test tube marked B pipette 5 c.c. of the clarified filtrate. 

9. To each add 2 c.c. of 5 % sodium cyanide, mix and wait ten minutes. Then 
add 1 c.c. of 0.5% 1,2 naphthoquinone — 4 — sodium sulfonate, mix, add 5 c.c. of 
10% sodium sulfite in 0.5N sodium hydroxide; mix and let stand 30 minutes. 
Now add 1 c.c. of a 2% sodium hyposulftte solution in 0.5N sodium hydroxide 
whereupon the reddish brown color becomes a purer red. 

10. Compare in colorimeter setting standard at 20. 

Calculation: 

20X1X5X100 10,000 

RX W = R ' x'W sper ccnt cysline in nail8 ' 

Where R = reading of the unknown 

W = weight of sample taken in milligrams 

Notes: 

1. The 1.2 naphthoquinone — 4 — sulfonate must be quite pure. It should give 
only a pale yellow color when 2 cc. of a 1% aqueous solution are treated with 
the reagents in the absence of cystine. 

2. The cyanide should be at least 95% and practically free from iron. 

3. The sodium hyposulfite must have good reducing power. It tends to decom- 
pose and its reducing power should be checked from time to time against indigo. 

4. Cleaning mixtures should not be used on the glassware. For cleaning pur- 
poses use only hot distilled water. 

5. The presence of reducing material such as hydrogen sulfide is to be avoided 
since it interferes with the progress of the color reaction. 

6. The normal cystine content of finger nails ranges from 10 to 13%. It is 
frequently low in chronic arthritis. 
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METHOD FOR THE DETERMINATION OF BASAL 
METABOLIC RATE 

Principle. — The rate of absorption of oxygen by the blood from the lungs 
under specified conditions is determined by either the open or the closed method. 

1. Open Method . — The patient inspires 01 dinary outdoor air and all air that he 
expires during a known period of time is caught in a suitable receptacle and 
measured. A sample is removed and analyzed for oxygen, carbon dioxide, and 
nitrogen in the Haldane-Henderson gas analysis apparatus, and the oxygen absorp- 
tion and carbon dioxide excretion of the patient is calculated. For this method, 
which requires training in gas analysis, see Peters and Van Slyke, 1 Volume II, 
Chapter 5. 

2. Closed Method . — The patient breathes into and out of a container of oxygen 
in which the carbon dioxide he produces is absorbed, either for a fixed length of 
time, during which the decrease in volume of oxygen is noted (Benedicl-Roth and 
Sanborn apparatuses), or during the absorption of a fixed volume, one liter, of 
oxygen, for which the time required is noted (Jones apparatus) . From the rate of 
absorption of oxygen, the rate of heat production per hour is determined, and 
compared with that of a normal individual of the same biometric measurements. 
The percentage variation from the latter is called the basal metabolic rate. 

Materials. — Apparatus . — Closed circuit respiration apparatus, with mouthpiece 
(sterilized by boiling), nose clip, thermometer, kymograph with recording paper 
and ink. Bed, couch, stretcher, or other object upon which patient may recline 
comfortably. Watch. Clinical thermometer. Barometer calibrated in millimeters. 
Scales for weighing patient. Measuring device for obtaining his height. 

Chemicals . — Soda lime. Oxygen, pure, in compression cylinder. 

Procedure. — If the patient is in the hospital he is given a light supper the 
night before the determination: is given no breakfast: is kept in bed: is taken to 
the metabolism station on a stretcher, and is given absolute rest for a half hour 
before the determination. An out-patient is told to eat a light supper at least 12 or 
14 hours before the test; to eat nothing after this meal; to gel a good night of 
rest; to eat no breakfast; and to dress and come to the laboratory in a leisurely 
manner, riding if possible. He must not exert himself. Upon arrival he is given 
absolute rest for 30 or 40 minutes before the test. 

Wrap recording paper lightly around kymograph drum and paste in place 
either with a gummed strip or with paper slickers. Fill recording pen with ink. 

By means of rubber tube, connect oxygen compression cylinder to the pelcock 

i 

1 Quantitative Clinical Chemistry. Williams and Wilkins, 1932. 
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on the apparatus for introducing oxygen gas. Admit oxygen into apparatus until 
pen is within a few centimeters of the edge of the paper drum. Shut valve on 
oxygen tank and petcock on apparatus. Connect patient with mouthpiece of appa- 
ratus and start motor. Adjust nose clip. Start kymograph revolving. Record 
temperature of gas in apparatus, and pulse of patient. At the end of 8 minutes 
remote nose clip and mouthpiece from patient. Slop motor and kymograph. 
Record temperature of gas in apparatus. Record barometric pressure. Determine 
patient’s nude weight and his temperature. Record sex of patient. Record his age 
in years to nearest birthday. 

Calculation. — Companies manufacturing apparatus supply direction booklets 
and tables for making calculations. In case a check on calculations is desired, the 
apparent volume of oxygen used by the patient can be converted to the true 
volume of dry gas at 0° C. and 760 mm. pressure by multiplying by the factor F,* 
where F *=* 0.0012 X B + 0.001 [4.6 (30-t°) — 52). B is the observed barometric 
pressure in millimeters, and t° is the observed temperature of the gas in degrees 
Centigrade. 

Each liter of oxygen under standard conditions represents 4.825 calories of heat 
production (the respiratory quotient being assumed equal to 0.82). Therefore the 
heat production of the patient per hour is 

„ FXVX 0.001825 X 60 . 

Calories, 

where F has the value found above, and V is the apparent number of c.c. of 
oxygen absorbed by the patient in M minutes. 

The number of calories of heat which should be produced by an individual of 
the same biometric measurements can be found from the manufacturers’ tables 
mentioned above, or in Peters and Van Slyke, Volume II, pp. 207-214. If the 
normal number of calories is N, the patient’s basal metabolic rate is 

C — N. 

— — — x 100 percent. 

Notes. — 1. It is advisable in case the patient has never had a basal metabolic rate 
determination to make a practice run to accustom him to the procedure. This run 
may he made in the afternoon. Its results are of course discarded. 

2. For accurate results the patient must he completely relaxed, and must make 
no movements during the determination. 

3. The patient’s temperature should be noted, as the metabolic rate rises about 
6% with each degree Fahrenheit of fever. 

4. A basal metabolic rate between — 10 and -f- 15 cannot be considered definitely 
pathological. 

5. The determination of basal metabolic rate is of clinical value principally in 
diagnosing and following the effect of treatment (surgical, radiological, or medi- 
cal) of disorders of the thyroid gland. In hyperthyroidism the rate is above nor- 
mal; in hypothyroidism the rate is below normal. Determinations may also be of 
value in disorders of some of the other glands of internal secretion. 

* Or see Peters and Van Sljke, Yol. H, p. 129. 
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METHODS FOR THE CHEMICAL EXAMINATION OF MILK 

AND OTHER FOODS 

Ordinarily milk examinations are made to determine the nutritive value and 
this information is obtained by estimating the specific gravity, total solids, ash, 
fat, pi olein, and lactose. 

When foreign ingredients or adulterants are present in milk, special methods 
are employed to detect them. 

COLLECTION AND SAMPLING OF COW’S MILK 

1. Great care is necessary to secure a homogeneous sample. In the case of 
bottled milk, collect one or more bottles as prepared for sale. In sampling bulk 
milk, thoroughly mix by pouring from one clean vessel into another three or four 
limes. If this procedure is impracticable, thoroughly stir the milk for at least 
one-half minute with a suitable appliance long enough to reach to the bottom of 
the container. If cream has formed on the milk, continue the mixing until all cream 
is detached from the sides of the vessel and evenly emulsified throughout the liquid. 

2. - Place the samples in nonabsorbenl. air-tight containers and keep them in the 
cold, but at a temperature above freezing, until ready for examination. When 
transported by mail, express, or otherwise, the containers should be completely 
filled, tightly stoppered, and marked for identification. A necessary quantity of 
preservative (corrosive sublimate, potassium dichromate, or formaldehyde) may 
he used, except wheie the presence of the preservative may be objectionable in 
connection with physical or chemical tests to be applied in addition to the deter- 
mination of fat. 

3. The quantity of sample required will depend upon the number of determina- 
tions to be made. For the usual analysis collect 250 to 500 c.c. (Y> to 1 pint) of 
sample; for the fat determination only, 50 to GO c.c. (approximately 2 fluid ounces) 
will suffice. 

4. Before withdrawing portions for analytical determinations, bring the sample 
to a temperature of 15° to 20° C. and mix thoroughly by pouring into a clean 
receptacle and back until a homogeneous mixture is assured. If lumps of cream 
do not completely disappear, warm the sample to about 38° C., mix thoroughly, 
then cool to 15° to 20° C. In case a measured volume is required in a determina- 
tion, bring the temperature of the sample to 20° C. before pipeting. 

DETERMINATION OF SPECIFIC GRAVITY 

This is most readily obtained with the aid of a hydrometer, accurately graduated 
within the limits of the widest possible variation in the specific gravity of milk. 
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Hydrometers for special use with milk are known a9 lactometers. They usually have 
a thermometer combined with them and the readings “Iiould be made at the tem- 
perature specified on the lactometer (usually 00° F., 15.0® C.) by immersing the 
cylinder containing the milk in tap water. 

DETERMINATION OP TOTAL SOLIDS 

A platinum dish is desirable, if not available porcelain may be used. 

1. Weigh dish on the chemical balance. 

2. Add about 5 c.c. of the thoroughly mixed sample of milk and weigh again to 
milligrams. This weighing should be done as rapidly as possible to ovoid inac- 
curacies due to evaporation. 

3. Flace dish on a hot water bath until dry (about 2 hours) then for about ten 
minutes in a hot air oven (100°*105® C.). 

4. Cool to room temperature in a desiccator and weigh. 

5. Multiply the weight of the residue by 100 and divide by the weight of the 
sample taken to obtain the per cent of total solids in the mlk. 

A We. — Prolonged heating in the drying oven should be avoided as this tends to 
decomposition. This is indicated by the formation of a brownish color. The residue 
should be nearly pure white. 

DETERMINATION OF ASH 

1. The dish containing the milk residue (above) is placed on a triangle sup- 
ported on a ring stand and ignited at a dull red beat by means of a Bunsen burner 
until a perfectly white ash is obtained. 

2. Cool in a desiccator to room temperature and weigh. 

3. Multiply the weight of the residue by 100 and divide by the weight of the 
original sample to obtain the per cent of ash in the milk. 

BABCOCK METHOD FOR ESTIMATING THE FAT OF COW’S MILK 

Principle. — Strong sulphuric ncid is added to the milk to dissolve the serum 
solids and set free the fat from its emulsion. The fat is then permitted to rise into 
the graduated neck of a Babcock bottle and the percentage read directly. 

Reagent and Apparatus. — 1. Commercial concentrated sulphuric acid with a 
specific gravity of 1.82 to 1.83 at 20° C. 

2. Special Babcock milk pipe! (Fig. 302) graduated to deliver 17.5 c.c. hut 
which bolds 17.6 cc. to the graduation mark, the extra 0.1 c.c. being allowed for 
the milk which clings to the walls. 

3. Standard Babcock test bottle (Fig. 3631 . 

4. Acid measure (Tig. 364) graduated to hold 17.5 c.c. 

5. Centrifuge for the Babcock bottles. Special trunnion cups may be purchased 
for use with the International Centrifuge. 

Procedure. — I. Transfer 17.6 c.c. (equivalent to 18 grams) of well-mixed 
milk, to a milk test bottle by means of the special pi pet. The milk remaining in 
the pipet tip is blown out. 
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Add 17.0 c.c. of ’sulphuric acid, preferably not all at one time, pouring -it'. N ' 
down the side , of the neck- 61 the bottle in such a way 'as' to -wash any traces of the' 
milk into the bulb; The temperature ;of the acid should be about 15° to 20° C. ■> ;, 

3. .Mix by rotation until all traces of curd have disappeared ; then "transfer the ■ 



Fic. ' 362. — Special Fic. 363— Babcock Fic. 364. — A c 1 n Fic. 365. — Cream 

Babcock . Milk Milk Test Bottle Measure r o r Test Bottle 
Pitet / . . - "t 11 e Babcock ' ' '■ 

• • Method 

bottle to the centrifuge;, counterbalance it; and, after the proper speed has been 
attained, . whirl five minutes. • , \ V.V 

4. Add soft water at 60° C., or above, until the bulb of the bottle is filled. 

5. Wliirl two minutes. : . •••••-• . ", 

6. Add hot water until- the liquid column approaches the top graduation of the . , 
scale. 

7. ’Whirl, one minute longer at a temperature, of 55° to 60° C. .Transierthe 
bottle to the warm water bath.mainfained at a temperature of,55°! to 60° C. im- 
merse iL to the level of the top .of. the fat column,, and leave it there until the 
column is in equilibrium and the lower fat surface. has , assumed ah fin al form. Y.' ' ' 

. 8: Remove the bottle 1 from the bath;, wipe -it; and measure the; fat, column!, in 
terms of percentage by weight, from its lower surface to . the Highest pbiht-'of the ' ■ 
upper miniscus.- .--8,.- - -■ ---f'iy A Y-'.Y; ; 0 •. 

■ .9. The fat column, at the time, of measurement,, .'slibtild be tfanslucent^/bf' ^ 
golden, yellorv or amber color,- and free from visible suspended parlicjekP* ' ! ^' ;t 
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tests in which the fat column contains milk or shows the presence of curd or of 
charred matter, or in which the reading is indistinct or uncertain. 

Estimation of Fat in Cream. — 1. Because of variation in specific gravity of 
cream and its high viscosity, 18-gram samples can he accurately taken only by 
weighing, but with cream containing Letween 20 and 30% fat the sample is suffi- 
ciently accurate for routine work by measuring 18 c.c. of cream with a special 
pipet. Use the special cream test bottle shown in Figure 365. 

2. Proceed as with milk except that readings ore made at the bottom of the upper 
meniscus. Liquid petrolatum added will flatten out the meniscus and make the 
reading easier. 

Notes. — 1. In adding the acid, the test bottle is conveniently held at an angle 
so that the acid will run down the wall of the bottle and not in a small stream 
into the center of the milk, the bottle being slowly turned around and the neck 
thus cleared of adhering milk. The milk and the acid in the test bottle should be 
in two distinct layers without much of a black band of partially mixed liquids 
between them. Such a dark layer is often followed by an indistinct separation of the 
fat in the final reading. The cause of this may be that a partial mixture of acid and 
milk before the acid is diluted with the water of the milk will bring about loo 
strong an action of the acid in this small portion of the milk, and thus char the 
fat contained therein. The appearance of black flocculent matter in or below the 
column of fat renders a correct measurement difficult and at times even impossible; 
if the black specks occur in the fat column itself, the readings are apt to be too 
high; if below it, the difficulty comes in deciding where the column of fat begins. 

2. The acid should be carefully mixed with the milk by giving the test bottle a 
rotaiy motion. In doing this care should be taken that the liquid is tint shaken into 
the neck of the test bottle. When once begun the mixing should be continued until 
completed; a partial and interrupted mixing of the liquids will often cause more 
or less black material to separate with the lat when the test is finished. Clots of 
curd which separate at first by the action of the acid on the milk must be entirely 
dissolved by continued and careful shaking. 

ESTIMATION OF TOTAL NITROGEN OF COW’S MILK 

Principle.- — Organic compounds arc oxidized and the nitrogen converted into 
ammonia which is distilled olT into a standard acid solution and titrated with 
standard alkali solution. 

Procedure. — 1. Place 5 grams of the milk, weighed accurately, in a 500 c.c. 
Kjeldahl digestion flask. 

2. Add approximately 0.7 gram of mercuric oxide, or 0.1 gram of crystallized 
copper sulphate, 10 grams of potassium sulphate {or 10 grams of anhydrous 
sodium sulphate l and 25 to 30 c.c. of sulphuric acid, specific gravity 1.84. 

3. Place the flask in an inclined position and beat below the boiling point of 
the acid until frothing has ceased. (A small piece of paraffin may be added to 
prevent extreme frothing.) Then increase the heat until the acid boils briskly and 
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digest for a lime after the mixture is colorless or nearly so. or until oxidation is 
complete (Fig. 366). 

•I. Cool, dilute with about 200 c.c. of water, cool again, add a few pieces of 
granulated -/inc or pumice stone, if necessary to prevent humping, and 25 c.c. of a 
4 c /o solution of potassium sulphide with shaking. (When no mercury or mercuric 
oxide is used the addition of the potassium sulphide solution is unnecessary.) 

5. Next add sufficient saturated solution of sodium hydroxide free from nitrate, 



Fic. 366. — Support for 
Kjo.dahc Digestion- 



Fic. 367. — Apparatus for the 
Djstili.ation of Ammonia 
tor Nitrogen Detirmina- 

TION 


j make the reaction strongly alkaline (50 c.c. are usually enough), pouring it 
own the side of the flask so that it does not mix at once with the acid solution. 

6. Connect the flask by means of a Kjeldahl connecting bulb with a condenser 
Fig. 367), mix the contents of the flask by shaking, and distill until all ammonia 
as passed over into 50 c.c. of standard N/10 hydrochloric or sulphuric acid, 
’he first 150 c.c. of the distillate will generally contain all the ammonia. 

7. Titrate with N/10 standard alkali solution, using methyl red or cochineal 
olution as indicator. 

8. Multiply the peicentage of nitrogen by 6.38 to obtain the equivalent per- 
entage to be reported as milk proteins. 

Calculation : 

50 c.c. N/10 sodium hydr oxide- c.c. blank X 0.14 _ ^ ^ ^ ni{rogen 
weight of sample 

Notes. — 1. Determinations are to be made in duplicate and blanks are to be run. 
ising about 1 gram of cane sugar instead of the unknown. Sugar aids in the reduc- 
ion of any nitrates that may he present in the reagents. 

2. The flame of the burner should strike only the poition of the flask below the 
evel of the acid. Sheet iron or asbestos board with a hole in it serves well as a 
rapport. 
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3. The Kjeldahl flask should be fitted with a rubber stopper through which passes 
the lower end of a Kjeldahl connecting trap bulb to prevent sodium hydroxide 
being carried over mechanically during the distillation. The bulb should be about 
3 centimeters in diameter and the lubes should be of the same diameter as the 
condenser tube with which the upper end of the bulb is connected by means of 
rubber tubing. A piece of glass tubing about 12 centimeters long of the same 
diameter as the condenser tubing is attached to the lower end of the condenser by 
means of rubber tubing and should reach nearly to the bottom of the Erlenmeyer 
flash. This delivery tube is capable of being detached from the condenser for 
purposes of rinsing. It is preferable that the distilling system be made of Pyrcx 
glass. 


DETERMINATION OF CASEIN OF COW’S MILK 

1. This determination should be made while the milk is fresh, or nearly so. 
When it is not practicable to make this determination within 21 hours, add 1 part 
of formaldehyde to 2500 parts of milk and keep in a cool place. 

2. Place 10 grams of the sample in a beaker with 90 c.c. of wrater at 40° to 42° 
C. and add at once 1.5 c.c. of dilute acetic acid (1+9). Stir, and let stand 3 to 5 
minutes. 

3. Decant on a filter, wash by decantation two or three times with cold water, 
and transfer the precipitate to the filter. Wash once or twice on the filter. 

4. The filtrate should be clear, or very nearly so. If the first portions of the 
filtrate are not clear, repeat the filtration, after which complete the washing of the 
precipitate. 

5. Transfer without loss to a Kjeldahl flask and determine nitrogen in the 
washed precipitate and filter paper as described above for total nitrogen. Multiply 
by 6.38 to obtain the equivalent of casein. 

6. To a sample of milk that has been preserved, the acetic acid should be added 
in small portions, a few drops at a time, with stirring, and the addition should be 
continued until the liquid above the precipitate becomes clear, or very nearly so. 

ESTIMATION OF MILK SUGAR 

Principle. — 'The reducing action of the clarified milk is measured by a definite 
amount of Fehling’s solution. 

Reagents. — A. Fehling’s Copper Solution — 34.639 gms. C. P. copper sulfate 
are dissolved in water in a 500 c.c. volumetric flask and the solution is then 
diluted to the mark. 

B. Fehling’s Alkaline Tartrate Solution — 173 gms. Rochelle salts and 50 gms. 
sodium hydroxide are dissolved in water and diluted to 500 c.c. 

Procedure. — 1. Place 25 gms. milk in a 250 c.c. flask, add 0.5 c.c. 30% acetic 
acid and shake well. After standing a few minutes about 100 c.c. of boiling water 
are run in, the flask shaken and 25 c.c. of alumina cream added. Let stand about 
10 minutes. Pour through a ribbed filter paper, catching filtrate in a 250 c.c. 
volumetric flask. Wash the precipitate thoroughly allowing the washings to run 
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into the volumetric flask which is then filled to the mark. The filtrate should be 
perfectly clear. 

2. Fill a 50 c.c. buret to the mark with this filtrate. 

3. In a 250 c.c. porcelain casserole place exactly 5 c.c. each of solutions A 
and B. Add about 40 c.c. of water and heat to boiling. 

4. While still boiling add the milk filtrate from the buret, a small portion at 
a time until all the copper is reduced. This is indicated by a gradual color change 
from deep blue through green to dull red. The first appearance of this color is the 
end point. 

5. Note from buret the volume of milk filtrate used. 

Calculation. — Ten c.c. of the above Fehling's mixture is equal to 0.067 gm. of 
milk sugar. The milk filtrate represents a tenfold dilution of the milk so that 0.067 
multiplied by 10 and divided by the volume of filtrate used represents the percent 
of lactose in the milk. 

Notes. — 1. Practice will soon enable the eye to judge the end point quite defi- 
nitely. 

2. The sugar-containing solution may be added quite rapidly until the solution 
becomes pale green, when the solution should be added cautiously, a few drops 
at a time. 

DETECTION- OF PRESERVATIVES IN COW’S MILK 

Phenylhydrazin Test for Formaldehyde.' — 1. To a portion of the sample 
add an equal volume of strong alcohol, shake and filter from any insoluble matter. 

2. To 5 c.c. of the filtrate add 0.03 gram of phenylhydrazin hydrochloride and 
4 or 5 drops of a 1% ferric chloiide solution. 

3. Mix, add slowly with agitation, in a bath of cold water to prevent heating the 
liquid, 1 to 2 c.c. of concentrated sulphuric acid. 

4. Dissolve the precipitate by the addition of either concentrated sulphuric acid 
(keeping the mixture cool) or alcohol. In presence of formaldehyde a red color 
develops. 

Ferric Chloride Test for Salicylic Acid. — 1. Acidify 100 c.c. of the milk 
with 5 c.c. of hydrochloric acid (l-j-3), shake until curdled, filter,' and extract 
with 50 to 100 c.c. of ether. 

2. Wash the ether layer with two 5 c.c. portions of water, evaporate the greater 
portion of the ether in a porcelain dish on a steam bath, allow the remainder to 
evaporate spontaneously, and add a drop of 0.5% ferric chloride solution. 

3. A violet color indicates salicylic acid. 

Test for Benzoic Acid. — 1 . Acidify, filter, and extract a 100 c.c. portion of 
the milk with ether as directed for salicylic acid. If benzoic acid is present in 
considerable quantity, it will crystallize from the ether In shining leaflets having a 
characteristic Odor on healing. 

2. Dissolve the residue in hot water, divide into two portions, and test as directed 
below. The residue may also be purified by sublimation and the melting point 
determined. 


.tT** 1 *- 
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(o) Make the solution alkaline with ammonium hydroxide, expel the excess of 
ammonia hy evaporation, dissolve the residue in water, and add a few drops of a 
neutral 0.5% ferric chloride solution. A brownish precipitate of ferric benzoate 
indicates the presence ol benzoic acid. 

(b) Add to the water portion 1 or 2 drops of a 10 per cent solution of sodium 
hydroxide and evaporate to dryness. To the residue add 5 to 10 drops of concen- 
trated sulphuric acid and a small crystal of potassium nitrate. Heat for ten min- 
utes in a gl)cerol bath at 120° to 130° C., or for 20 minutes in a hot ling water 
bath. The temperature must not exceed 130“ C. After cooling add 1 c.c. of water 
and make distinctly ammoniacal; boil the solution to decompose any ammonium 
nitrate that may have been formed. Cool and add a drop of fresh, colorless ammo- 
nium sulphide, without allowing the layers to mix. A red -brown ring indicates 
benzoic acid. On mixing, the color diffuses through the whole liquid and, on heat- 
ing, finally change? to greenish-yellow. This differentiates benzoic acid from 
salicylic acid or cinnamic acid. The last two form colored compounds, which are 
not destroyed by heating. 

Test for Borax and Boric Acid. — 1. Immerse a strip of turmeric paper in 
the sample acidified with hydrochloric acid in the proportion of 7 c.c. of strong 
acid to reach 100 c.c. of sample and allow the paper to dry spontaneously. 

2. If borax or boric acid is present, the paper will acquire a characteristic red 
color, changed by ammonium hydroxide to a dark blue-green, but restored by acid. 

COLLECTION AND CHEMICAL ANALYSIS OF HUMAN MILK 

Collection. — There are two methods of obtaining samples of breast milk for 
analysis: 

1. Express all the milk from one breast and mix thoroughly. 

2. Draw 1 ounce of milk before nursing and 1 ounce after nursing. Mix the 
two samples thoroughly. The best time for obtaining samples is 9 to 10 A.M. 

Determination of Specific Gravity. — Determined most conveniently by means 
of a Soxhlet, Veith or Quevenne lactometer at 60° F. The lactometer reading is 
corrected by adding 0.0001 for every degree F, above 00® and subtracting 0.0001 
for every degree F. below this temperature. 

Determination of Percentage of Fat. — This is essentially a modification of 
the Babcock test previously described except that a smaller bottle is employed 
(Fig. 368) ; the technic is practically the same. Otherwise the regular Babcock 
bottle and method are to be preferred if sufficient sample is available. 

1. By means of a special narrow pipet, introduce milk up to the 5 c.c. mark. 

2. Add sufficient commercial sulphuric acid (specific gravity 1.83) to fill the 
body of the tube and rotate to secure a homogeneous mixture. 

3. Fill the neck of the tube with a mixture consisting o( equal volumes of amyl 
alcohol and concentrated hydrochloric acid and centrifuge for 2 minutes, etc., as 

described above. 

4. The fat collects in a column in the upper part of the acid alcohol mixture 
and the percentage is read off directly on the graduated stem. 
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Determination of Total Solids. — 1. Introduce 2 to 5 grams of milk into a 
weighed flat-bottomed platinum dish and quickly ascertain the weight to milligrams. 

2. Carefully expel most of the water by heating in a w r ater bath and heat for 
about 5 min. in an oven regulated to a temperature between 100° and 105° C. 
Cool and weigh. 

3. Divide the weight of the residue in grams by the weight of the milk used. 
Multiply the resulf: by 100 to give the per cent of total solids 

in the milk. 

Determination of Ash. — 1. Heat the dry solids obtained 
above over a low flame (care should be taken that the dish is 
not healed above dull redness) until a white or light gray ash 
is obtained. 

2. Cool the dish in a desiccator and weigh. 

3. Divide the weight of the ash by the weight of the original 
milk taken for total solids and multiply by 100 to obtain the 
per cent of ash in the milk. 

Determination of Total Nitrogen (Proteins). — 1. Intro- 
duce 5 grams of milk into a 500 c.c. Kjeldahl flask and carry 
out the nitrogen determination as described for cow’s milk. 

2. Multiply the per cent of nitrogen by the factor 6.37 to 
obtain the protein content of the milk. 

Determination of Lactose. — 1. Introduce 1 c.c. of milk 
into a 100 c.c. volumetric flask. 

2. Add 2 c.c. of 10% sodium tungstate. 

3. Add gradually 2 c.c. of two-thirds normal sulphuric acid 
or 16 c.c. of N/12 acid, mix well and let stand five minutes. 

4. Dilute to the mark, mix and filler. 

5. Into a Folin-Wu sugar tube introduce 1 c.c. of the filtrate 
and add 1 c.c. of water. Into another tube place 2 c.c. of 

standard lactose solution. Add 2 c.c. of the Folin-Wu alkaline copper reagent (see 
page 729) to each tube and heat in boiling water for 8 minutes. Cool and add 
2 c.c. of phosphomolybdic reagent (see page 729) to each tube. Dilute to 25 c.c. 
mark and compaie in colorimeter. 

6. Calculate as follows: 



Fig. 368. — Babcock 
Fat Bottj.k fob 
Human M-ilk 


0 6 V— -X-— 
R X X 0 . 011000 


: per cent lactose : 


120 


R 


per cent lactose 


7. For the standard lactose solution, prepare a slock lactose solution by dis- 
solving 1 gram of lactose (weighed on an anahtical balance) in 0.2% benzoic acid 
and making up to 100 c.c. in a volumetiic flask. The woiking standard is prepared 
by diluting 3 c.c. of this stock solution in a 100 c.c. volumetiic flask to the maik 
with 0,2% benzoic acid. Two c.c. of this solution equal 0.6 milligram lactpse*. 


, '-A- 
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CHEMICAL ANALYSES Or DIABETIC FOODS 

Preparation of Sample. — Grind sufficiently fine in a mortar or mil! to pass 
through a 1 millimeter sieve. Preserve in a sealed container to prevent moisture 
changes. 

Detection of Starch. — Starch is best detected, when present to any appreciable 
extent in any mixture, by boiling a portion of the sample in water, cooling and 
applying a solution of iodine. A characteristic blue color appears if starch is 
present. Very small amounts of starch are best identified by adding.iodine solution 
to powder on a microscopic slide, or better, to the power previously rubbed with 
water on a slide under a cover glass; the starch granules, if present, will be colored 
intensely blue by the iodine, and are at once rendered apparent when viewed 
through the microscope. 

Estimation of Moisture. — -Weigh accurately 2 to 3 grams of foodstuff on a 
tared watch glass and dry to constant weight in an oven at 105° to 106° C. This 
requires about four hours. The loss in weight represents moisture. 

Estimation of Ash. — Follow the procedure for determining the ash of human 
milk. 

Estimation of Protein. — Determine the total nitrogen of a I gram sample 
according to the procedure given for the total nitrogen of milk. Calculate the 
protein by multiplying the to t lal nitrogen by the appropriate factor which varies 
with different cereals as follows: wheat, 5.70; rye, 5.62; oats, 6.31; com, 6.39; 
and barley, 5.82. If the sample represents a mixture of various grains the conven- 
tional factor 6.25 is employed. 

Estimation of Fat. — Heat on a boiling water bath for ninety minutes 5 grams 
of the sample in a 200 c.t. flask with 50 c.c. of water and 2 c.c. of 25% hydro- 
chloric acid (specific gravity 1.125). Cool, nearly neutralize with 40% sodium 
hydroxide (using 0 017° methyl orange as indicator) and filter. Transfer contents 
to a filter paper and wash with hot water. Dry filter and contents in oven at 105° C. 
and transfer to extraction thimble of Soxhlet extractor. Extract with ether for 
16 hours, transfer the extract to a weighed beaker, evaporate the ether on the water 
bath and dry to constant weight in the oven. This increase in weight represents the 
fat. 

Estimation of Starch, Sugar and Dextrin. — 1. Extract 4 to 5 grams of the 
fine powder (accurately weighed) on a hardened filter paper with five successive 
10 c.c. portions of ether. 

2. Wash the powder into a beaker with 50 c.c. of water. 

3. Immerse the beaker in a boiling water bath for 15 minutes or until all the 
starch is gelatinized. 

4. Cool to 55° C. 

5. Add 20 c.c. of a fresh 0.5% aqueous solution of U.S.P. pancreatin. 

6. Digest at 55® C. for one hour. 

7. Heat again to boiling for a few minutes to gelatinize the remaining starch 
granules. 
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8. Cool to 55° C. and redigest at this tempeiature with another 20 c.c. portion 
of pancreatin solution foi one hour or until the residue treated with iodine gives 
no test foi starch. 

9. Cool, make up to 250° C. and filtei. 

10. Place 200 c.c. of the filtiate into a flask, add 20 c.c. of dilute hydrochloiic 
acid (specific gravity 1.125; made by adding 2 volumes of watei to 5 volumes of 
concentrated acid) connect with a leflux condenser and heat in a boiling water bath 
for two and a half hours. 

11. Cool, nearly neutralize with 10% sodium hydroxide, finish the neutralization 
with sodium carbonate and dilute to 500 c.c. 

12. Mix the solution, pour tlnough a diy filter and deteimine the dextrose in an 
aliquot part according to Benedict’s method for sugar in urine. 

Calculation: The amount of dextiose found multiplied by 0.9 gives the amount 
of starch. This amount multiplied by the aliquot pait taken and the two dilutions 
gives the starch in the original sample fiom which the percentage may then be 
calculated. 



CHAPTER XXXVII 

METHODS FOR TOXICOLOGICAL EXAMINATIONS 

Principles. — 1. It is! highly important that a sufficient amount of material be 
furnished. Depending on the expected concentration of the substance, 500 to 2000 
c.c. of urine or 100 to 200 grams of feces arc desired. In cases of acute mercury 
poisoning with oliguria, small amounts of urine can be examined when more is 
not obtainable. 

2. Material desirable for detection of some common poisons are as follows: 

(а) Lead: Feces and urine. Feces contain more than urine. 

(б) Mercury : Urine, feces and stomach contents. Excretion about equal in urine 

and feces. Urine is desired when obtainable, as analysis is more 
quickly and easily done. 

(c) Arsenic: Urine, some in feces. 

(d) Morphine: Feces and urine. 

(e) Methyl alcohol: Urine. 

(/) Carbon monoxide: Blood. 

(g) Alkaloids, phenol, iodine, alkalies, etc.: Vomitus and stomach washings. 

(h) Autopsy material: Part of li\er, brain, one kidney, stomach and intestinal 

contents. 

REINSCH METHOD TOR THE DETECTION OF ARSENIC, ANTIMONY 
AND MERCURY 

The Reinsch test possesses two advantages: (1) as a preliminary test when 
abundance of material is available and (2) for clinical purposes during the life of 
the patient. It is a test not only for arsenic, but for mercury and antimony as well. 
It may be applied directly to a liquid containing organic matter, as the urine, 
and may be completed in a few minutes. The Reinscli test can also be applied to 
tissue. 

Principle. — If a solution containing an arsenite and acidulated with about 
• one-fifth its volume of hydrochloric acid (arsenic free) is heated a little below the 
temperature of boiling water for one half hour in the presence of metallic arsenic 
free copper foil {keep copper below surface of liquid), a gray stain is formed 
upon the copper which is an alloy of copper and arsenic. It is not formed in the 
presence of powerful oxidizing agents such as the chlorates. With an arsenate it is 
only slowly formed. If the presence of arsenates be suspected, it is well to reduce 
them to arsenites by sulphur dioxide and expel the excess of gas by boiling before 
applying the test. A stain having an appearance similar to that caused by arsenic 
776 
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V , is also formed if . die - liquid contains compounds of sulphur, seleriiump'gold, , 

•; -platinum, fsilver, bismuth, antimony or mercury. ' 1 :>.• ’ 5. * 

, To distinguish the arsenical stain from the otUbrvihe . strip v 
. foil, which should be, about one-eighth by three-quarters of ■ an inclriis.taken.from 
the solution, gently washed and dried by contact with filter paper.Tt is then inserted . ; ; 

into one end of a, clean piece of thin glass tubing, open at both ends and about 
: 8 inches, long. This is held at, an angle of about 10, degrees to the horizontal arid 
gently warmed along its entire length until the interior of the tube and the foil' . 
are perfectly dry. The portion of the tube immediately above the copper , is then 
■' slightly warmed .(to insure the, formation of larger crystals thari would, be de- ' 

' , posited f upon' • a . cold . surface) /, and then, the forefinger being more. or less, applied 
‘ ■ to the upper opening, in 'such a mariner as to allow a very, slow, current of air ;to 
go through : the tube, the copper is heated strongly.- There is danger of loss if the; :% 
- air current is too rapid.' . ... .. -• ’ T : 

■ Of the compounds mentioned, selenium, arsenic, antimony and mercury are the ; ■ 
only ones which produce a sublimate in the tube. Sulphur is volatilized as sulphur , • 

.■ dioxide, and the other metals remain upon the copper.. . - 
. . The sublimate produced by mercury is grayish rather than pure while, and, 

. when examined with the microscope the mercury deposit when rubbed, assumes a 
■ ' . silvery appearance. Arsenic, antimony and bismuth give a gray, or , black deposit, 
is found to consist, of an aggregation of shining globules. The deposits of the :• 
oxides, of arsenic,' antimony and selenium are white and more closely, resemble 
each other, but differ in certain particulars. The antimonial deposit is nearer to the 
point at which heat was applied than the arsenical, and a portion , of it may be. 
in that part of the tube which : was, in the flame. After. the formation of the sublimate: 
it may be readily driven along the tube by a moderate heating if it be arsenic, while ’ 
much higher temperature is required to volatilize the antimonial . deposit. The 
arsenical deposit consists entirely of brilliant octahedral crystals varying in size, the 
larger being in the. portion of the sublimate nearest to where heat-was applied. 

The crystals are bright, with finely' defined, edges, and scintillate when. the K ‘ lube 
< ■; is rotated on its axis in the sunlight. The antimonial deposit is. generally, entirely, • ; 

amorphous. It may, however, contain .crystals home. 'of ’ which may he octahedral: '' v j 
of the same shape as the ‘arsenical crystals, but rather duller , iri luster and less \ 
transparent, and whose edges appear as broader black 'lines. These crystals,' if., ' 
present at all, are always few in number and are surrounded by , much granular \ 

. material, and . require a high' temperature for their .volatilization.- Occasionally \ y - 
. prismatic crystals are also forrned either beyond the copper or . in that part (of tbe 'l . 

“ , tube which’ was in the flame. ; *; / - ' T- VT' , T-.. - :'"-.' i 

.. : .The, presence of •; selenium, is..exceptional ? originating most frequently as ran > „• 

. impurity, of sulphuric acid. Microscopically its sublimate is: found, to consist. of . ; 
amorphous material and rriay contain prismatic crystals arranged in : feathery., 
.bundles.’’ , \ ■ ’ ■ : \ /-*'• <r ■ V , ■:' L--. y;;,'T . r ' 

, Two points -are to, be. borne in-mind:. Hydrochloric acid is, rarely free! from 
. . : arsenic' and the copper, foil, -may contain it. The method should, therefore,* never, be, : 
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used without a blank. If the chemicals be pure the copper is, if anything, bright- 
ened. Should it become dimmed in the slightest degree, the acid, which is usually 
at fault, must be rejected. An objection to this method is the fact that copper 
is introduced into the articles under examination. It should therefore never be used 
except with a small sample of the available material. 

The practical limit of delicacy of this test is about 0.0065 milligram. It is cer- 
tainly inferior in delicacy to the Marsh test. 

It should also he remembered that normal urine may and frequently does, 
contain arsenic. The amount of this so-called normal arsenic is variable, depending 
upon food, occupation and environment. The Reinsch test is hardly sufficiently 
delicate to detect this “normal” arsenic, hut the Marsh test usually will give a test 
for arsenic with normal urine. 

In the case of tissue, 5 to 10 grams of finely divided material are diluted with 
distilled water. The mixture is then acidulated with concentrated hydrochloric acid 
and the Reinsch test conducted in the same manner ns described. 

METHOD FOR THE DETECTION - OF LEAD 

Preliminary - Treatment: Feces and Tissues. — 1. Free from water hy heat- 
ing in a porcelain dish (Coors). 

2. After the material Legins to char, bring to a dull red heat and ash. Ashing 
must be very carefully conducted at a temperature well below full red heat, 
otherwise part or all of the lead will be lost by volatilization. Fdcal material usually 
ashes readily, but the tissues form a residue which must be repeatedly extracted 
before the entire char is consumed. Usually the material requires re-a9hing as a 
certain quantity of inorganic salts fuse and prevent complete oxidation. 

Dissolve in hydrochloric acid diluted with. an equal part of water and boil for 
about 20 minutes. Dilute with distilled water and filter while hot. 

3. After the first ashing the material should he cooled. It is essential that all the 
ash be dissolved, for frequently lead phosphate is present as an insoluble residue 
which may be mistaken for silica. If this residue is insoluble in hydrochloric acid 
it should be treated with a mixture of hjdrochloric and tartaric acids (which 
dissolves lead phosphate), until the ash is quantitatively dissolved. (Tartaric acid 
even of good quality usually contains lead and, therefore, should be tested with 
hydrogen sulphide.) 

Urine. — 1. Ammonium hydroxide is added to urine until it is strongly am- 
moniacal. This mixture is allowed to stand for an hour. In this reaction the earthy 
phosphates are precipitated and lead phosphate is carried down. 

‘ 2. The gelatinous mass of phosphates settles into a compact mass from which 
the clear lead-free liquor may be decanted and the remainder rapidly filtered by 
suction on a Buchner funnel. 

3. The filter paper containing the precipitate is ashed and the precipitate com- 
pletely dissolved in dilute hydrochloric acid with the aid of heat if necessary. 
(The urine must he either freshly collected or well preserved with thymol, because 
crystalline phosphates which form when urine is allowed to become ammoniacal 
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on standing, do not completely remove tire lead. Healing ammoniacal Urine to 
increase tire rate of settling of phosphates prevents complete recovery of lead.) 

Procedure. — 1. Carefully neutralize the hydrochloric acid solution with dilute 
sodium hydroxide using methyl orange as indicator. Add dilute hydrochloric acid 
until the solution is just acid to methyl orange. 

2. Saturate tire cold solution with washed hydrogen sulphide. If sulphides 
precipitate to any great extent during this process, they may be separated at 
once, but if no precipitate appears, the solution, saturated with hydrogen sul- 
phide, should be allowed to stand overnight. Centrifuge and wash with boiled 
distilled water, three times altogether. (FeS is easily oxidized by the air to soluble 
FeS0 4 .) 

3. Dissolve the precipitate in nitric acid (3 to 5 c.c. concentrated). Boil to 
expel hydrogen sulphide, cool, and neutralize with dilute sodium hydroxide, using 
phenolphlhalein as indicator. 

4 . Acidify with dilute acetic acid, and add an excess of potassium chromate 
— 2 or 3 drops of a saturated solution. If the solution is held against a daik 
background during this process a slight turbidity may be observed around the 
drop of added chromate in the presence of even very minute quantities of lead. 
To hasten the reaction the solution should be boiled for a few minutes, ff no 
turbidity is apparent the solution should be allowed to stand overnight. A yellow 
precipitate indicates the presence of lead. 

5. If "quantitative .estimation is desired, proceed as follows: Filler; wash with 
warm water to remove all soluble chi ornate from the filter paper, and wash the 
precipitate completely into an Erlenmeyer flask. Wash the filter paper with 2 to 
5 c.c. of 1:1 solution of hydrochloric acid followed by warm water, and collect 
in the same flask. The precipitate dissolves readily in hydrochloric acid. Add an 
excess of potassium iodide solution at once and titrate the liberated iodine with 
N/200 sodium thiosulphate, a drop or two of starch being added near the end-point 
as indicator: 

1 c.c. N/200 sodium thiosulphate = 0.315 milligram lead 

When only small amounts of lead (less than 1 milligram) are present, use a 
micro-buret graduated in 0.2 c.c. The sodium thiosulphate should be made up and 
preserved with suitable precautions for prevention of decomposition -by carbon 
dioxide. Reslandardizc once a week. 

METHOD FOB THE DETECTION OF METALLIC POISONS 

Oxidation of Organic Matter (Fresinius von Babo’s Method). — 1. A por- 
tion of finely divided material is mixed with distilled water to a fluid mass and 
placed in a Kjeldahl flask. 

2. About 30 c.c. of concentrated hydrochloric acid (arsenic-free if a test is to be 
made for arsenic) are added per 100 c.c. of material (a large excess of hydrochloric 
acid should be avoided) . 

3. Add 1 to 2 grams of potassium chlorate, shake well and set the flask upon 



780 


CHEMICAL METHODS 


a boiling water bath under the hood. Nascent chlorine is evolved which destroys the 
organic matter. When the flask is hot, it is frequently shaken and a small amount 
of potassium chlorate (0.3 to 0.5 gram) is added from time to time until the solu- 
tion is clear or turbid, lias a pale yellow color, and additional heating produces 
no further change. Fat is very resistant to oxidation by chlorine. 

4. When oxidation is complete, dilute with hot water and add a few drops of 
dilute sulphuric acid to precipitate possible barium; shake and pour the liquid 
through a wet filter paper. 

5. Evaporate in a porcelain dish on a water hath nearly to dryness to remove 
excess acid. The decomposition of some pota99ium chlorate may give a brown 
color at this point. (If necessary, filter, wash with water, and evaporate again 
almost to dryness.) 

6. Dissolve in water and filter. (The insoluble residues may contain silver 
chloride, barium sulphate and lead sulphate in addition to fat. These can be 
identified if necessary, after fusion with potassium nitrate and sodium carbonate.) 

Nitric and sulphuric acids with a trace of potassium permanganate may he 
used as a substitute for oxidizing purposes. 

Treatment with Hydrogen Sulphide. — -The filtrate should have only a faint 
yellow color, and should be slightly acid (test with litmus). Place in a flask and 
heat on a water bath. While heating saturate the solution with washed hydrogen 
sulphide from a Kipp generator. (If a test is to be made for arsenic, the hydrogen 
sulphide must be arsenic free. Prepare arsenic-free hydrogen sulphide by saturating 
dilute sodium hydroxide solution with hydrogen sulphide from crude iron sulphide 
and commercial hydrochloric acid.) Pour this sodium hydrosulphide (NaSII) solu- 
tion into a separating funnel and add slowly to dilute (1:1) sulphuric acid. Pass 
hydrogen sulphide into the hot solution for thirty minutes and continue for about 
thirty minutes after the flask has cooled, then stopper tightly and let stand for 
several hours, preferably overnight, and filter. The filtrate may contain chromium 
or zinc. The precipitate may contain arsenic, antimony, tin, mercury, lead, bismuth, 
copper, cadmium. Treatment with hydrogen sulphide almost invariably causes 
a precipitate of sulphuric and organic thio-compounds; therefore no positive con- 
clusion can be drawn from the formation of precipitate at this stage. t 

Examination of the Precipitate. — The precipitate is thoroughly washed with 
hydrogen sulphide water and while still moist about 5 to 10 c.c. of a boiling 
solution of equal parts of ammonium hydroxide and yellow ammonium sulphide 
are dropped upon the precipitate on the filter. Repeat this several times. Finally 
wash with a few c.c. of a fresh mixture of ammonia and yellow ammonium sulphide. 
The filtrate may contain arsenic, antimony, tin, and copper (see Metallic Poisons 
I). The precipitate may contain mercury, lead, copper, bismuth, and cadmium (see 
Metallic Poisons II) . 

Metallic Poisons I. — Evaporate the solution (the solution is often dark brown 
owing to dissolved organic substances) to dryness in a porcelain dish on a water 
bath, cool, moisten with fuming or concentrated nitric acid and again evaporate 
to dryness. Then mix the residue with three times its volume of a mixture con- 



METHODS FOR TOXICOLOGICAL; EXAMINATIONS 



■■ taining 2 parts! sodium nitrate and 1 part sodium carbonate. ^Thoroughly dry this ' 
mixture'iipon the .waler bath and introduce small portions at a time into a porcelain : 
'crucible containing a little, fused sodium nitrate heated to redness. -After the .final . 
-'.addition heat the crucible ,. a\ shofL-lihie, introducing possibly a little more sodium •••'•/ 
,! nitrate. until the fused, mass is colorless. In the presence -of copper the melt- is' gray. -. 
/ or black from copper oxide. Sodium arsenate, sodium pyro-antimonate, sodium 
7 stannale as well - as stannic oxide and copper oxide may be. present. Soften the , 

' cold melt with hot water 'and wash into a fiask. Add a little sodium bicarbonate to ; 
.decompose the small quantity of sodium stannate possibly in solution and pre- 
,. cipitate ali-the tin as stannic oxide and then filter; The filtrate contains any arsenic.,' 



■'.present. as sodium arsenate and the residue may contain sodium pyro-antimonate, ' ; \, 
; stannic arid copper oxide. ' ' ' ,.X . I|V 

Marsh Test for Arsenic. — Acidify the filtrate with arsenic-free sulphuric, acid. 
Evaporate in a. casserole over a free flame,’ and add sufficient arsenic-free sulphuric. v„\ ' 
acid to expel nitric acicRHeat until copious white fumes of Sulphuric acid appear.- ■ \ 

. Arsenic if present is in the form of arsenic acid and is tested in the Marsh 
apparatus (Fig. 369). • • , i ■ hy’ ■ 

Place .'about 30 grams of arsenic-free granulated zinc in flask A. B 1 should be! 
packed with anhydrous calcium chloride. Since pure acid invariably ..will hot react 
.with pure zinc it is necessary. ; to* add about 100 milligrams ..of copper sulphate,:'.' 1 ./;: 
■ thereby forming an electric couple and causing hydrogen to be formed as- soon -as-,/..; 
acid is added. Stopper lightly arid' pour 50_c.c-.cold, dilute, arsenic-free sulphuric..' 
acid (1 volume concentrated sulphuric acid: 5 volumes water) into the funnel and' ; 

.. regulate -the flow of this- acid upon; llie metal so diat : the hydrogen : wilFnot be f;: A 
generated too /violently. . Thb, flask should be; kept ' cool during the /analysis - by. A 
; , keeping -it surrounded with cool water. If the temperature gets too 1 high, sulphur 
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dioxide is formed and this in the presence of hydrogen is reduced to hydrogen 
sulphide (H.S), which interferes with the test. All joints of the apparatus should 
be tight to avoid escape of arscniurcted hydrogen (Asll a ), commonly catled 
“Arsine” and also to prevent explosions. Air should he completely expelled before 
igniting to prevent explosion. To tell when this point is reached, collect hydrogen 
in a dry test tube until it ignites without detonation when carried to a flame. It 
may require as long as 30 minutes to expel the air. Test the hydrogen to insure 
its entire freedom from arsenic. Neither the arsenic mirror nor spot appear. With 
the hydrogen burning at the outlet, gradually introduce the perfectly cold sulphuric 
acid solution containing arsenic in small portions into the flask A by means of the 
same funnel. At the same time heat ignition lube C to redness just hack of the 
constriction D. Keep reaction mixture cool by surrounding with cold water. Heal 
promotes the formation of hydrogen sulphide by reduction of sulphuric acid. 
Hydrogen sulphide is in turn decomposed on ignition to sulphur which may lead 
to the formation of a “false mirror.” Also, if the stream of gas is too rapid, arsenic 
may be lost. If the solution contains arsenic, a shining metallic arsenic mirror 
is deposited just beyond the point of ignition. Antimony will give a mirror before 
and beyond the point of ignition. If organic substances are present a c3rbon mirror 
may be formed, and selenium will produce a yellowish-red or brownish-red mirror. 
If the flame is removed from C and a cold porcelain dish pressed down on the 
arsenic hydrogen flame at the tip, a brownish black spot is formed upon the 
dish. Tills spot dissolves readily in sodium hypochlorite solution (Dakin’s). 
Antimony spots will not dissolve. 

Extinguish the flame at the end of tube C and hold in the escaping gas a strip of 
filter paper moistened with concentrated silver nitrate solution (1:1). A yellow 
stain appears if live hydrogen contains arsenic and a drop of water. (See note 
regarding presence of “normal arsenic” under Reinsch test.) 

Metallic Poisons n. — Over the substance on the filter paper remaining after 
the treatment with the hot ammonium sulphide mixture there are poured several 
small amounts of warm, rather dilute nitric acid (I volume concentrated nitric 
acid: 2 volumes water). Mercuric sulphide does not dissolve but all the other 
sulphides pass into solutions as nitrates. The filtrate may contain lead, copper, 
bismuth, and cadmium, and specific tests are available for tbeir recognition. (If 
the filtrate contains lead, dilute sulphuric acid produces a white precipitate of lead 
sulphate.) 

Test for Mercury.— Treat. the substance remaining on the filter paper after 
nitric acid treatment, even though not black, with a little hot dilute hydrochloric 
acid containing a crystal of potassium chlorate, and pass the acid through the 
paper several times. Evaporate the filtrate to dryness in a porcelain dish upon the 
water bath and dissolve in 5 c.c. of 5 % hydrochloric acid, filter and test the filtrate 
for mercury as follows: 

(o) Stannous Chloride Test .— Add to a portion of the filtrate a few drops of 
stannous chloride solution. A white precipitate of mercurous chloride appears if 



METHODS FOR TOXICOLOGICAL EXAMINATIONS 783 

mercury is present. Excess of stannous chloride, especially if heat is applied, 
reduces this piecipitatc to gray metallic mercury. 

( b ) Copper Test . — Put a few copper slugs (previously cleaned in concentrated 
nitric acid and washed) into a portion of filtrate. Mercury deposits as a gray spot 
on standing or on heating. Wash the slugs successively in water, alcohol, and 
ether. Dry thoroughly and heat in a small bulb-tube of hard glass. Mercury 
sublimes and collects in small metallic globules on the cold sides of the tube. A 
trace of iodine vapor introduced into the tube immediately transforms the gray 
sublimate into scarlet mercuric iodide. 

The following outline shows the general plan of the above system of analysis. 


Material: 

Treated with hydrochloric acid and potassium chlorate. Dilute sulphuric acid. Filter. 


Filtrate: 

Saturate ruth warm hydrogen sulphide. 

Precipitate tested 
for silver, lead, 
barium. 

Precipitate: 

Treated with hot ammonium sulphide and am- 
monium hydroxide. 

Filtrate tested for 
chromium, zinc. 

Tiltrate tested for arsenic, 
antimony, tin, copper. 
(Metallic Poisons I.) 

i 

Precipitate tested for mer- 
cury, lead, bismuth, cop- 
per, cadmium. (Metallic 
Poisons II.) 




METHODS EOR THE DETECTION OP CARBON MONOXIDE IN THE BLOOD 

Tannic Acid Test. — Prepare a solution of 1 part of blood with 4 parts of 
distilled water. Add 3 volumes of a 1% solution of tannic acid solution and shake 
well. Normal blood is gray but in the presence of cat bon monoxide the blood 
gives a cherry-red (carmine red) color. 

Pyrogallic-Tannic Acid Test. — 1. Procure about 10 c.c. of normal blood 
which has been prevented from clotting by the use of an anticoagulant (potassium 
or sodium citrate is the anticoagulant of choice) in the proportion of 0.05 gram 
per 10 c.c. of blood. 

2. Piper 3 c.c. of blood into a 50 c.c. graduated cylinder and dilute with distilled 
water to the 30 c.c. mark. 

3. Saturate the rest of the blood with 3 to 5% carbon monoxide gas (“illu- 

minating gas" may be used) and then dilute 3 c.c. to a "volume of 30 c.c. with 
distilled water. * ' h 

4. From these solutions of oxyhemoglobin and carbon monoxide hemoglobin, 
mixtures are made which vary fiom 0 to 100% in steps of 10 as follows: 

Two c.c. amounts of these solutions are placed in small test tubes of uniform 
bore. 

5. To each standard thus prepared are added 2 c.c. of strictly fresh pyrogallic- 
tannic acid solution and the tubes are inverted twice to insure mixing. Do not 
shake. 
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6. The tubes should be sealed immediately by pouring a little melted paraffin 
on top of the contents while the tube is immersed in cold water as a caution 
against overheating. 
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Procedure (Bayers and Yant). — Dilute fl.5 or \ c.c. of the whole blood 
to be analyzed, prevented from clotting by the addition of an anticoagulant, 1:10 
with distilled water. 

2. Pipet 2 c.c. of this diluted blood into a test tube uniform in bore with those 
of the standards and add with o pipet 2 c.c. of strictly fresh pvrogallic-tannic acid 
solution. Invert the tube several times to insure mixing. Do not shake! 

Reacent 


Tannic acid, C. P. (2 ft sol.) 25 c.c. 

Pyrogallic acid, C. P. (2% sol.) 25 c,c. 

To be made up fresh. 


3. Let stand 15 minutes and read against the standards. If carbon monoxide 
is present, let stand 15 minutes longer, read and report the latter reading as “per 
cent blood saturation with carbon monoxide.” 

Notes. — 1. In carbon monoxide bloods prevented from clotting by oxalate, 
there is an appreciable change of carbon monoxide to carbon dioxide on standing. 
This is not true when citrate or sodium fluoride are used. 

2. When saturating blood with carbon monoxide, in order to prevent lose of 
blood due to excesshe foaming, the operation should he carried out in n beaker 
with constant stirring. 

3. The blood for the standards should be saturated with carbon monoxide 
before it is diluted with distilled water in order to minimize the volume of 
carbon monoxide gas physically dissolved in the resulting solution. 

4. If it is desired to preserve tire standards, air must be excluded. The tube 
walls above the paraffin should he thoroughly dried and a permanent seal made 
by placing a disk of cardboard on top of the paraffin and filling the remainder 
of the tube with ordinary sealing wax. Standards thus prepared and kept in a cool 
place will retain their permanence for one to two weeks, not changing enough 
to interfere with the accuracy of the determination. Permanent standards prepared 
from artists* oil colors are on the market. 
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METHOD FOB THE DETECTION OF CYANIDE 

Principle. — The principles involved are clearly indicated under the various 
procedures outlined. Great care must he exercised in carrying them out because 
of the dangers to the analyst and secondly the interfering substances. 

Organs Best Suited for Analysis. — If the poison has been taken by mouth, 
the stomach contents and brain should be analyzed. Analysis of the brain is neces- 
sary for the purpose of ruling out the possibility of the poison having been intro- 
ducd into the stomach after death. If the poisoning resulted from inhalation, the 
lungs and brain must be examined. In cases of poisoning by inhalation, usually 
none, or only the very faintest trace, is found in the stomach contents. This is of 
tremendous importance from the medicolegal aspect. 

Method of Isolation of Cyanide. — The tissues are cooled by keeping them in 
an ice-box. Two hundred to 500 grams of tissue are ground up. Care should be 
taken to keep the tissue cold since hydrocyanic acid may volatilize if warm. If 
stomach contents are analyzed, usually one-fifth of the total volume of the contents 
is used. The giound-up tissue or the stomach contents are placed in a one liter 
flask and acidified with tartaric acid. The material is then distilled with steam, 
using a well cooled condenser the tip of which is bent to serve as an adapter 
and dipped into 5 c.c. of 5% sodium hydroxide solution in a receiving flask. The 
latter should be packed in ice. One hundred cubic centimeters of distillate are col- 
lected, which is ample to recover' all the cyanide present, the following tests being 
employed. 

Qualitative Tests. — 1. Schonbein’s Test . — Suspend a strip of filter paper, 
impregnated with guaiac and copper sulphate, over the material in a flask, the paper- 
being held in place by the stopper. (Dip strip of filter paper into a freshly prepared 
alcoholic solution of guaiac 1:10; then let dry; when dry, moisten it with dilute 
(1:10.000) copper sulphate solution). If color does not change, cyanide is absent 
and no fur ther tests need be made. If a blue color results, cyanide mtiy be present. 
The test is very sensitive but not specific; hydrochloric acid, nitric acid, chlorine, 
bromine, ozone, hydrogen peroxide, as w’ell as some other substances also give 
a positive test. This test may be used as a preliminary one at the necropsy table. 
The following tw 7 o tests must be employed since they are specific for .cyanide: 

2. Prussian Blue Test . — To 5 c.c. of distillate, add 3 c.c. of 25% sodium 
hydroxide, then a few 7 drops of freshly prepared ferrous sulphate solution and a 
few' drops of ferric chloiide solution. Warm a little. Let cool and add concen- 
trated hydiochloric acid, drop-wise, until the dirty brown precipitate just dis- 
solves; avoid excess hydrochloric acid. If Cyanide is present, a deep blue 
precipitate (Prussian blue) appears. If only a trace of cyanide is present, -a green 
solution results instead of a blue precipitate, but, on standing several hours, a 
small flocculent Prussian blue precipitate settles (sensitive to one part in 50,000) . 

3. Liebigs Test . — To 10 c.c. of distillate, add 1 c.c. of yellow’ ammonium 
sulphide and evaporate to dryne«s on the water bath. When dry, add 5 c.c. of 
5% hydrochloric acid solution, warm a little and stir well to dissolve alf pf 
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the thiocyanate that was formed daring the evaporation. Let stand 2 hours, then 
filter. To the filtrate, add 5 to 10 drops of 10% ferric chloride solution. If cyanide 
is present, a deep red color results. (This test is sensitive to one part in ten 
million.) 

The following tests may be used, but they are not specific for cyanide: 

4. f'ortmann’s Test . — To 5 c.c. of distillate, add a few drops of potassium nitrate 
solution, then 2 to 4 drops of ferric chloride solution and then enough dilute 
sulphuric acid until the color of the solution becomes a bright yellow. The solution 
should then be boiled, after which cool and add ammonium hydroxide until all 
of the iron is precipitated. Filter off the precipitate. To the filtrate add a few 
drops of a very dilute solution of ammonium sulphide. If cyanide is present, a play 
of colors results, \ioiet, blue, green, yellow. 

5. Picric Acid Test . — To 5 c.c. of distillate (slightly alkaline) add a few drops 
of picric acid solution and warm gently. If cyanide is present, a red color develops 
(sensitive to one part in one million). 

6. Phertolphthalein Test . — To 5 c.c. of distillate, add a few drops of alkaline 
phenol phthalein solution (reduced phenolphthalein), then a few drops of 1:2000 
copper sulphate solution. If cyanide is present, a red color develops (sensitive to 
one part in 20 million). 

7. Silver Test .- — To 2 c.c. of distillate, odd nitric acid until reaction is acid, 
then add a few drops of silver nitrate solution. If cyanide is present, a white 
precipitate of silver cyanide results. 

Quantitative Test. — For quantitative analysis, a weighted amount of tissue is 
distilled, as described in the qualitative procedure. In the receiving flask, however, 
instead of having dilute sodium hydroxide, 20 c.c. of 10% silver nitrate solution 
are used, acidified with nitric acid. In order to make certain that all of the cyanide 
is isolated, distillation is continued until 200 c.c. of distillate are obtained. During 
the distillation, the cyanide precipitates as silver cyanide. This is then filtered 
through a previously weighed Cooch crucible, washed, dried and weighed. From 
the weight of the silver cyanide, the amount of cyanide in the material analyzed is 
calculated as HCN. 

In quantitative analysis, if the poison was taken by mouth, the entire amount 
of cyanide is- determined in the gastro-intestinal tract. This is then multiplied 
by 100/98, which gives the amount in the entire body. This fraction is used 
because approximately 98 per cent of the cyanide, if taken by ingestion, remains 
within the stomach contents. If the poison was introduced by inhalation or injection, 
parts of all the organs and tissues are analyzed and, from these results, the amount 
present in the entire body is calculated. 

The lethal dose of cyanide is accepted as SO mgm-, calculated as hydrocyanic 
acid. 

The following factors interfere with the determination of the presence of 
cyanide: 

1. Traces of hydrogen cyanide are produced during the first few day3 of 
putrefaction, but this disappears in the later stages. 
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'"■y 2. Cyanides present' in - the; '.tissues’ disappear 
•■ and are changed to sulphocyanide. '' /- ; 

■ 3. In, stomach contents, where the bulk of die- cjseSK 

. faction is, of little importance!;"-;, v- /:-'VV” : . /V-‘ : ;i 
,4; Embalming, with formaldehyde, interferes /greaO r Ss'cSe.- 
.forming- condensation' products with the 1 formaldehyde , 

It, is, ’ therefore, important - tliat earlv . toxicoldgical' g^'^r^f. 
\of> suspected .cyanide poisoning. ' It is likewise ''necessary’ fe 


hydrogen cyanide. , . V ■.’//, /•- ;V\/ v 

/ / Diffusion of - the poison in a body after, death has 5 ' 

process. is extremely slow . and it has been ■ shoiv-n 'by -Gyttld.-diU:j^yyy 
\\ is . introduced into the stomach after death, no cyanide, 

■ an interval of two months. • ‘ V- - -• yy-r^' 

) Although the term “cyanide of potassium” is generally 
•,. .to ••cyanide poisoning, it is not the potassium ' salt; bui/'becadse? r d- : %-i 
./the -sodium salt that is used. , • V.'/f /' yy'y.ydy 

* •/:; ■: , method for the detection-,; of boric vi 


The . specimen of urine, stomach washing or - finely;, divide 
strongly alkaline with a solution of sodium hydroxide. or 
: ’ evaporated to dryness on the water bath. It fethen, -carefullv ' 
heal. Hie ash is acidified with concentrated HCl, and divided 
-/To one portion ethyl alcohol is added, and then-ignited. ,yf£ greeh 

boron. This flame examined with the spectroscope gives . four, chsrz^/^yy : y 
tion hands in. the yellow, green, and blue, green. The; second 

■ /with, a little water and tested with turmeric paper. If boric .,-acjdJ/:^/ 
.paper turns a red brown, which is intensified on drying. .In iacute. 
mouth' it/is possible to determine whether boric acid, or ; : borax ; 

• analyzing the stomach contents or stomach washing. The internal 
. -•urine are useless for this purpose. If the stomach washing is yery 
/-.indicates.' borax /further,’ if llie stomach contents are first /dripd. op 
-bath, ethyl alcohol will extract boric acid, but not borax. If it is desn^d £o ,;-i 
the amount of boron present, the material made, alkajine with Nn^CO, r. 

- and;ashed ' : at low red- heat. The ash is then thoroughly .extracted ..With 
hydrochloric. acid, transferred to a volumetric . flask and water added to.’p / 
../ volume: To 10 c.c.. of this solution is added some turmeric, solution and )$ 

■ / ■■that is produced;'is, -compared. with that of a standard boric acid , solution 6tf 

\ colorized With turmeric solution-. -• - • t / • •' 
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METHOD FOR THE DETECTION OF SODIUM CARBONATE 
[Washing Soda) 

The stomach contents, or the stomach washings (with water) must lie used in 
analyzing for sodium carbonate. Due to the presence of Na and CO* ions in 
the blood and tissues normally, and also due to the buffer action of the blood and 
tissue fluids, it is impossible to definitely establish whether any exogenous sodium 
carbonate is present in the blood, tissues or urine. Tbc stomach washings can lie 
tested directly, unless a large amount of food is present. If so, the stomach con- 
tents should be dialyzed, and tbc resulting dialyrafe used for tbc tests. A strip of 
litmus paper is introduced in order to ascertain whether the material is at oil 
alkaline. If so, a few drops of phenolphthalcin solution are added to some of 
the material. A deep red color is produced if sodium carbonate or sodium hydrox- 
ide is present. Sodium bicarbonate will give only a faint pink. To differentiate 
between sodium hydroxide and sodium carbonate, hydrochloric acid is added to 
some of the material. The lilieration of much gas (CO_.l indicates carbonate. For 
the quantitative estimation, a known excess of N/20 sulphuric acid is added to a 
measured amount of the diluted and filtered stomach contents, then boiled one 
to two minutes, cooled, and the sulphuric acid remaining is titrated with N/20 
NaOH. Trom the amount of sulphuric acid neutralized by the stomach contents, 
the amount of Na-COj is calculated. 

METHOD TOR THE DETECTION OF POTASSIUM OHLOP.ATE 

The stomach contents, urine, blood, or finely divided tissues are placed into a 
dialyzing bag made of collodion or parchment paper. Dialysis into pure water 
is continued for several hours. To some of the dialysate is added an excess ol 
silver nitrate solution/ The resulting precipitate of silver chloride is filtered off. 
The clear filtrate is acidified with nitric acid and sulphurous acid added, and the 
mixture is then brought to boiling. If a white precipitate remains it is silver 
chloride from the reduction of the chlorate by the sulphurous acid. 

The simplest method for the quantitative estimation of the chlorate is to deter- 
mine the chloride content of an aliquot portion of the material by one of tlie 
usual methods. A second measured portion of the material is made strongly 
alkaline with added sodium carbonate, well mixed, dried, and carefully ignited 
at low red heat. This procedure converts the chlorate into chloride. The chloride 
content is now determined in this ignited material. From the difference between 
the two chloride determinations, the amount of chlorate originally present can 
be calculated. 


METHOD FOR TIIE DETECTION OF PHOSPHORUS 
In acute (white) phosphorus poisoning, the gastro-intcstinal contents is of prime 
importance from an analytical standpoint. The material is distilled in a dark room 
screening off the light from the Bunsen burner. If white phosphorus is present, a 
luminescent ring will be noticed during the distillation, in the upper part of the 
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water cooled condenser. For a further test, the distillate is strongly acidified 
with concentrated nitric acid and then evaporated to dryness on the water bath. 
Tliis procedure converts the phosphorus to phosphoric acid, which can then be 
identified by the ammonium molybdate reaction. 

METHOD FOE THE DETECTION - OF ANILINE AND NITROBENZENE 

For tiie detection of aniline and nitrobenzene, the finely divided organs, urine, 
blood, or stomach contents are distilled with steam. If these substances are 
present in appreciable amount, the distillate is usually cloudy. To one portion of 
the distillate add two drops of chloroform and excess NaOH solution, and bring 
to boiling. If aniline is present, the very irritating and piercing odor of phenyl 
isocyanide develops. Should nitrobenzene be present, the steam distillate is shaken 
out with ether. The ether layer is allowed to evapoiate spontaneously. If nitro- 
benzene was present, it will now be found in the form of a few oily globules 
with the characteristic odor of oil of bitter almonds. These drops are dissolved 
in alcohol. The alcoholic solution is reduced vith powdered zinc and HC1. 
This converts the nitrobenzene to aniline. After making the solution alkaline with 
NaOH, the aniline obtained is tested by means of the isonitrile reaction as above. 

METHOD FOE THE DETECTION OF CERTAIN ORGANIC VOLATILE POISONS 

For the detection of benzene, chloroform, ethyl-chloride, ether, carbon-bisul- 
phide, carbon-tetrachloride and others of’ the many new volatile solvents and 
anesthetics considerable apparatus and technical skill are required which are 
hardly applicable in the average clinical laboratory. The methods are described 
in detail by Gettler and Siegel (Isolation from Human Tissues of Easily Vola- 
tile Organic Liquids and Their Identification. Arch. Path., 1935. 19:208-212). 

Nearly all these compounds have a characteristic odor which can be readily 
identified in the patient’s breath or vomitus or in the stomach washings. Great 
care should be taken of vomitus or gastric washings to prevent the rapid evapo- 
ration of these poisons. The material must be placed in a tightly stoppered 
container and kept in the refrigerator. Frequently a simple distillation of the 
material on a water-bath, but using an electric plate for beating (to prevent 
ignition or explosion of some of these compounds) will bring out the character- 
istic odor. A long condenser, preferably cooled with ice-water, is desirable. 

METHOD FOE THE DETECTION OF WOOD ALCOHOL (METHANOL) 

1. The material (vomitus. tissue, etc., or the contents of the suspected liquid) 
is acidified with tartaric acid and enough distilled water is added to make it 
fluid (to a volume of 100 c.c.) and then steam distilled. 

2. Collect 50 c.c. of distillate, stopper and shake. Of this distillate 10 c.c. is 
taken in a test tube and a heated copper spiral is plunged into the liquid. This 
is repeated 8 times and the test tube is held under cold running water. This con- 
verts the wood alcohol into formaldehyde. The test tube must be kept cold. 
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Then 2 c.c. of this oxidized liquid is poured into another test tube and the fol- 
lowing test is made: 

(а) Add 10 drops of a 5 % sodium phenylhydrazine hydrochloride solution 

(б) Add one drop of a 0.5% sodium nitroprusside solution 

(c) Add 3 drops of a 10% sodium hydroxide solution 

A blue color develops if formaldch)de is present — and indicates that wood 
alcohol (methanol) is present. The intensity of the blue color gives a rough 
estimate of the amount present. 

A red color, with the above reagents indicates acetaldehyde which is obtained 
in the manner described above when grain (ethyl) alcohol is present. For further 
tests see A. O. Gettler (Critical Study of Methods for the Detection of Methyl 
Alcohol, /. Biol. Cheat., 1920, -12, 2:311, 328). 

METHOD FOR THE DETECTION OF GRAIN (ETHYL) ALCOHOL 

Much has been written concerning the detection of ethyl alcohol, especially in 
the presence of other alcohols, and also its medicolegal significance in intoxication. 
It has been fairly well established that the various methods to determine intoxica- 
tion, sucli os an estimation of the amount found in the urine or expired air, are 
valueless, since they are excreted and no longer causing the inebriation. (Inebria- 
tion depends upon the amount of unoxidized alcohol in the brain.) Hence the 
ideal method is to determine the amount of alcohol present in the brain tissue. 
This of course is easy in the cases coming to necropsy, but correspondingly 
difficult in an intoxicated individual. In such cases examination of the spinal 
fluid is probably of greatest value. For further details the reader must consult 
the enormous literature which has accumulated. (Sec references.) 

METHOD FOR THE QUALITATIVE DETERMINATION OF GRAIN- 
(ETHYL) ALCOHOL 

For an ordinary rapid method which is applicable to urine, blood, spinal fluid 
or finely divided tissue, die method of oxidation acid testing is carried out exactly 
as described under wood alcohol (methanol) and the red color obtained indicates 
the presence of ethyl alcohol. Large amounts of urine and blood are necessary 
for these determinations. 

METHOD FOR THE QUANTITATIVE DETERMINATION OF ETHYL ALCOHOL 
IN TISSUES 

Principle. — Depends upon the oxidation of ethyl alcohol to acetic acid and 
titrating with N/20 sodium hydroxide. 

1. The tissue, as soon as it is removed from the body, should be placed in a 
tightly closed jar and placed in a refrigerator. When ice cold, 500 gms. are 
weighed out, quickly ground up and placed in a 2 liter flask. To this are added 
600 c.c. of water, 5 c.c. of a saturated solution of tartaric acid and 1 c.c. of 
while mineral oil. This mixture is now distilled with steam. A long, well cooled 
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condenser should be used, and the distillation should be continued until exactly 
800 c.c. has been collected. The distillate is well mixed and used in the following 
procedure. 

2. Twenty grams of potassium dichromate and 40 c.c. of concentrated sulphuric 
acid are placed in a 500 c.c. distilling flask. Three hundred cubic centimeters of 
the distillate obtained above is now added and the contents mixed well. The 
flask is then connected to a long, well cooled condenser by means of a Hopkins 
distilling head, and the distillation started. The heat must he so regulated that it 
will take from forty-five to fifty minutes to collect exactly 250 c.c. of distillate. 
After thoroughly mixing. 50 c.c. of this distillate is tiliated with twentieth nor- 
mal sodium hydroxide solution, using phenolphthalein as an indicator. From 
this filiation figure, the amount of alcohol present in 1 kilogram of brain tissue 
can easily he calculated as follows: (c.c. twentieth normal alkali — 1.32) X 71.58 
= mg. CLHoOH per kilogram of tissue. The figure (• — 1.32) holds only for 
brain tissue. For other tissues a fair average would he calculated as follows*. 

N 

1 c.c. — NaOH — 2.3 mgms. of ethyl alcohol. 

ju\J 

The following rules have been laid down by Getller and Tiber: 

1. For the qualitative and quantitative determination of alcohol, the brain is 
of first importance. 

2. The normal alcoholic content of human brain material is less than 0.0025%. 

3. The alcoholic content of the brain in persons who have partaken of alcoholic 
beverage ranges between 0.005 and 0.6%. 

4. All patients having an alcoholic content below 0.1% show no abnormal 
physiologic effects. 

5. Patients with an alcoholic content above 0.1% and up to 0.25% show some 
phjsiologic disturbance, as evidenced by increased aggressiveness, and more or 
less loss of the sense of caie. None of these patients, however, shows unbalanced 
equilibrium, which is commonly called intoxication. 

6. When the alcoholic content rises above 0.25% and up to 0.4% and still 
higher to 0.6%. the equilibrium of the person becomes unbalanced— a condition 
generally known as intoxication. 

7. The degree to which any person is effected does not depend on the quan- 
tity of alcohol consumed, hut on the amount of alcohol present in the brain at 
the time. 

METHODS FOR THE DETECTION - OF VERONAL, LUMINAL, MORPHINE, 
STRYCHNINE, BRUCINE, CODEINE AND COCAINE 

Principle.— The above substances are separated by extraction, purified, and 
identified by one or more of the tests listed under each individual substance. 

The procedure which follows is devised to identify one or more of the above 
when present in human organs, meat, vegetables, milk, potatoes and other sub- 
stances. 
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Preparation of Material for Extraction. — 1. Mix a quantity of finely ground 
material in a large flask and mix with 2-3 limes as much absolute alcohol. Add 
enough tartaric acid (10%) to make the mixture ucid to litmus. Avoid a large 
excess of tartaric acid. 

Using a Liebig condenser as a reflux, heat the flask on a water-bath for 15 to 
20 minutes at 60° C. 

2. Cool the flask and contents and filter off ns mucli fat os possible. Rinse the 
residue with alcohol, filter and combine the filtrates. Should the filtrate fail to 
be acid, acidify with tartaric acid. 

3. Evaporate the filtrate to a thin syrup on a water-bath and mix the residue 
with 100 c-c. of cold water. 

4. Filter through moistened filter paper and evaporate to a syrup on a water- 
bath. 

5. Mix the residue thoroughly with liberal quantities of absolute alcohol. 
Filter. Evaporate the filtrate on n water-bath and dissolve the residue in about 
SO c.c. of water. Should this solution fail to l>c perfectly clear, filter through 
moistened filter paper. This filtrate (or original solution) should have an acid 
reaction. For convenience in future reference to this solution, it is designated ns 
“Solution A.” 

Extraction and Identification of Veronal and Luminal.— 1. Extract “Solu- 
tion A” several times with ether. Evaporate the ether extract to dryness. (Save acid 
aqueous solution for possible tests described below.) 

2. Rccrystallize the ether extract residue from a small quantity of hot water, 
using animal charcoal to remove color. 

3. The identification of veronal and luminal can he made on the basis of the 
following properties: 

(a) Color Reaction. — This test identifies the barbiturates as a group, and Is 
not specific for veronal or luminal. To each of 3 lubes (No. 1, No. 2, No. 3), 
add some chloroform solution of the suspected purified crystals. To each add 
1-2 drops cobalt acetate (1%) in methyl alcohol. To tube No. 1 add 2 drops 
of barium hydroxide in methyl alcohol; to tube No. 2 add 4 drops and to tube 
No, 3 "add 3 drops. A blue color in any of these tubes constitutes a positive test 
for the barbital group. 

( b ) Melting-Point. — This determination is important because it serves as prac- 
tically the only reliable means of differentiating between individual barbiturates. 

The melting-point of pure veronal is 188-191° C. When impure it melts at 
187-188“ C. 

The melting-point of luminal is 171-173° C. 

(c) Sublimation. — Veronal when heated cautiously, easily sublimes. 

Test for Veronal in Urine. — 1. Take about 500 c.c. of urine for analysis. 

2. Make strongly acid with tartaric acid and evaporate in a porcelain dish to 
a thin syrup on a water-bath. 

3. Mix the syrup with 100-150 c.c. of alcohol; filter and evaporate to dryness on 
a water-bath. 
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4. Dissolve llie residue in about 60 c.c. of water and extract 2-3 times with 

50 c.c. portions of ether. * 

5. Permit the ether extracts to settle, filler through dry filter-paper and distill. 
Veronal when present usually solidifies to a crystalline mass. 

6. Dissolve in cold sodium carbonate solution (1:10), decolorize with animal 
charcoal, filter and precipitate with dilute hydrochloric acid. Apply the tests 
already described to the purified yield. 

Extraction and Identification of Morphine. — 1. “Solution A” is made 
strongly alkaline with sodium hydroxide solution and extracted with ether. Most 
alkaloids, except morphine, are in the ether extract. Save the ether extract for 
possible tests under IV. 

2. Make the alkaline aqueous solution acid with dilute hydiochloric acid and 
then make alkaline with sodium bicarbonate. 

3. Moiphine is extracted with a hot solution consisting of 9 volumes chloro- 
form and 1 volume absolute alcohol. (Method of Kippenberger). 

4. Pour the combined chlorofoim extiacts into a diy vessel, add a few crys- 
tals of anhydrous sodium sulphate to remove any water which may he present 
and filter the chloiofoim extract (dry filler) into a small vessel. Evaporate to 
dryness. 

5. Purification: The residue is dissolved in hot amyl alcohol and shaken 
thoroughly with water acidified with dilute sulphuric acid. The aqueous extract is 
then made alkaline with ammonia, and extracted several times with hot chloro- 
form. Evaporate to dryness. 

(а) Morphine appears as white crystals, the melting-point of which is 230° C, 

(б) Morphine is strongly- alkaline and can he titrated. 

(c) With Mandeline‘s reagent the color changes are red violet, to blue, to violet. 

(d) With Froehde reagent the color changes are violet, to blue, to green. 

(e) Physiological test: A neutral solution of morphine (HC1) when injected 
under the dorsal skin of a white mouse causes the tail of the animal to become 
S shaped. Five hundredths of a milligiam of moiphine wall maintain the tail 
in this position for 45 minute^. Five milligrams will maintain it for 20 hours. 

Extraction and Identification of Strychnine, Brucine, and Codeine.— 
“Solution A” is made strongly alkaline with sodium hydroxide solution and 
extracted 3-4 times with ether. Set the combined extiacts aside in a dry flask 
(loosely stoppered) for 2-3 houis. Decant through a dry filter and evaporate 
from a small dish on a water-bath which has been previously .warmed. The 
residue will contain Strychnine, Brucine, and Codeine. 

Identification of Strychnine. — I. Crystals melt at 268 C. 

2. With Mandeline’s reagent the color changes are blue to blue violet to red 
Violet to red, and in 15-20 min. to orange. If the orange color fails to appear 
•Miyehnine is not present. 

3. Erdmann’s and Froehde's reagents give no color change with strychnine. 

Identification of Brucine. — 1. Color changes using Erdmann s and Froehde s 

reagents may be employed to identify Brucine. 
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2. Erdmann’s reagent gives a red color which changes to yellow. 

3. Froehde’s reagent also gives a red color which changes to yellow. 

Identification of Strychnine in the Presence of Brucine. — 1. Brucine when pres- 
ent together with stry clinine may render inconclusive the tests for the latter. To 
avoid this the brucine can be destroyed before applying the strychnine tests. 

2, The residue (or part of) containing brucine is dissolved in about 2 c.c. of 
dilute sulphuric acid, 2 drops of concentrated nitric acid arc added, and the 
system permitted to stand for 2-3 hours. It is then made strongly alkaline .with 
sodium hydroxide solution and extracted with ether. The evaporated ether extract 
will contain strychnine but not brucine which is destroyed by this procedure. 

Method for the Identification of Codeine. — 1. When codeine is warmed with 
Erdmann’s reagent a blue color results. 

2. With Froehde’s reagent there is obtained a yellow green color which 
changes to blue. 

3. Mandoline's reagent with codeine gives a green color which changes to blue. 

Method for Differentiation Letueen Morphine and Codeine. — I. On the addi- 
tion of on aqueous solution of ferric chloride: A blue color is obtained with 
morphine. No change lakes place in the ease of codeine. 

2. On the addition of hydrogen iodide: Iodine is rapidly liberated in the case 
of morphine. No iodine is liberated in the case of codeine. 

Method for the Extraction and Identification of Cocaine. — “Solution A” is 
made alkaline with sodium bicarbonate solution and extracted with ether. Evapo- 
rate to dryness and apply the following tests for the identification of cocaine: 

1. When cocaine is warmed with Marquis reagent, a wine red color is obtained. 

2. Add a small amount of sulphuric acid (cone.). and a crystal of potassium 
iodatc to the suspected cocaine. At this point there is no visible change but when 
the solution is heated until SO„ fumes appear the following color changes take 
place: Brown, to olive, to blue, to violet, which finally fades. 

3. Add a small amount of sulphuric acid (cone.) and place on a water-bath 
for 5 minutes. Then carefully add water. If cocaine is present there is obtained 
the odor of methyl benzoate (Oil of Peppermint). 

SPECIAL BEAOENTS USED 'ABOVE 

Erdmann's Reagent. — Add 10 drops of a mixture of 10 drops of concentrated 
nitric acid and 100 c.c. of water, to 20 c.c. of concentrated sulphuric acid. 

Froehde's Reagent. — Dissolve (by gentle beating) 5 mg. of molybdic acid 
or sodium molybdate in .I ex. of concentrated sulphuric acid. This solution 
should be colorless. It does not keep well. 

Mandeline's Reagent. — Dissolve 1 part of finely ground ammonium vanadate 
in 200 parts of concentrated sulphuric acid. 

Marquis Reagent. — Mix 2-3 drops of 40% formaldehyde solution with 3 cc. 
of concentrated sulphuric acid. Prepare this solution when needed. 
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METHOD FOR THE DETECTION OP BROMINE 

Principle. — Urine is ashed Ivith alkali. From the resultant bromides, bromine 
is liberated and finally concentrated in chloroform, with the production of a 
brown color. 

Procedure. — 1 . In a nickel crucible place about 50 c.c. of the suspected urine. 
Add 1 gm. of sodium carbonate and 0.5-1 gm. of potassium nitrate and evaporate 
to diyness. (The capacity of the crucible employed should be approximately 
twice the volume of the sample taken for analysis.) 

Remove adherent particles of carbon by sprinkling powdered potassium nitrate 
over the dried residue. During this latter operation rotate the crucible and con- 
tinue heating. 

2. Permit the system to cool to room temperature, add 10-15 c.c. water to the 
ash, and make distinctly acid (to litmus) with dilute sulphuric acid. The solu- 
tion at this point is, as a rule, turbid. 

3. Transfer to a separatory funnel, rinsing the crucible with 10-20 c.c. of acid 
potassium sulphate (10%). 

4. Add 20-30 c.c. of chloroform, followed by a drop by drop addition of 
potassium permanganate (3%) until the color no longer disappears. Finally an 
excess of 15 drops of permanganate is added. 

5. Stopper the cylinder and place in the dark for 15 min. Shake well and 
permit the brown solution of bromine in chloroform to settle. 

TEISCHMANN’S TEST FOR BLOOD STAINS 

Principle. — The test depends on the fact that hematin is formed from the de- 
composition of the hemoglobin by heat, and secondly, that the hematin in solution 
in boiling glacial acetic acid unites with the chlorine of the salt to form chloride 
of hematin, which is soluble in boiling glacial acetic acid, crystallizing from this 
solvent on cooling. 

Procedure. — If the material is a dried blood stain, a small fragment of the 
dried blood should be removed from the slain with the point of a knife and 
transferred to a glass slide. If the stain be a diffused one, or if the blood, while 
still fresh, has soaked into the fabric, as in the case of a stain on cotton or linen 
cloth, then it suffices to scrape a small portion of the stain with the knife point, 
collecting the dust thus removed on a glass slide. The fragment of dried blood 
or the dust should then be treated on the slide with a small drop of water in 
which has been dissolved a minute fragment of sodium chloride. This drop 
should then be evaporated to dryness by gentle heat, the dried residue covered 
with a cover glass, a drop of glacial acetic acid allowed to run under the cover 
glass, and the slide again gently heated until bubbles of gas are seen to form in 
the liquid under the cover glass. This shows that the glacial acetic acid has been 
heated to the boiling point. If, now, the slide be allowed to cool, the microscope 
will reveal the characteristic crystals of chloride of hematin in case the stain 
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examined contained blood. These crystals of chloride of hematin are called “hemin” 
crystals, and they have a characteristic form {Fig. 370). 

The normal hemin crystals have a yellow to chocolate-brown color and sepa- 
rate in the form of small rhombic plates. They naturally vary a little in size 
according to the rapidity of their formation. Sometimes, particularly if the frag- 
ment of dried blood on the slide was of considerable size, the form of the crystals 
in some parts of the preparation may be somewhat modified, some assuming a 



pointed, oval shape, and in some the outlines may be a little irregular; in all 
cases, however, a sufficient number of the normal perfect crystals -will be seen 
to render their identification positive. 

Precautions. — 1. Care should he taken in heating the slide not to raise the tem- 
perature so high as to decompose the hematin in the first dry residue obtained. 
If the temperature be raised to about 142° C. (287.6° F.), no hemin crystals 
will be formed. 

2. On further heating the slide, after the addition of glacial acetic acid, the 
temperature should not be raised so high as to produce active boiling of the acid, 
since active ebullition may carry all the pigment beyond the edge of the cover 
glass, which might prevent the detection of the hemin crystals. 

3. The hemin test will not detect blood pigment in blood stains that have been 
heated to a high temperature, that have been subjected to the prolonged action 
of naphtha, solution of ammonium chloride, or bromochloralura, or that have been 
exppsed for a long time to direct sunlight. 

4. This is by far the most important test for blood pigment, and it is extremely 
delicate. While the detection of hemoglobin shows with certainty the presence of 



.‘i -VC y /\ . METHODS FOR TOXICOLOGICAL- EXAMINATIONS 797 

blbod.,itthrows no light upon the nature of the animal from which the blood 
came. To determine this latter question resort is had to microscopic examination . 
of the blood cells and especially lo the complement-fixation and precipitin: tests, 
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CHAPTER XXXVIII 


HISTOLOGICAL METHODS AND THE PREPARATION 
OF MUSEUM SPECIMENS 
Frank W. Konzelmann 

Histologic or tissue technic is on art that is mastered only hy patience and 
experience. It is the one field in pathology wherein these two qualities nnd the 
willingness to strive for perfection arc of paramount importance. Accuracy in 
pathologic diagnosis requires perfectly prepared tissue sections as well as a 
broad experience and a knowledge of the principles of pathology. It cannot be 
hoped for with either alone, yet one observes that the most experienced pathologist 
is the most exacting in matters of technic while the least experienced is often 
satisfied with preparations of the poorest quality. 

EQUIPMENT ‘ 

Apparatus of the best grade, properly cared for and reagents carefully pre- 
pared are prerequisites of good technic. 

The chief apparatus of the histologic technician consists of the microtome and 
its accessories, the paraffin oven, staining dishes and jars, and the microscope. 

The Microtome. — There arc many types. The Spencer rotary' microtome is the 
best for paraffin embedded tissue. The microtome should nc\er be taken apart 
except by a mechanic trained in this field. It should, however, be frequently 
cleaned by wiping all the accessible moving parts with a cloth moistened with 
xylol and well lubricated by a good grade of paraffin oil furnished by the manu- 
facturer. Each day after it has been used, it should be cleaned of paraffin (a 
good stiff -haired one inch painter's brush is bandy for tins purpose). All water 
must be removed from the crevices of the knife holder and chassis. After it is 
thoroughly dried, a little “Three in One” oil may be rubbed over the exposed 
parts to prevent rusting. The instrument should be covered with a bag or bell 

jar- 

The sliding microtome may be used for paraffin sections, especially for those 
greater than 2 cms. in diameter. The knife must be set so that its long axis forms 
a true right angle with the direction of its cutting motion. It must be parallel, 
in other words, with the trimmed edge of the paraffin block* Those types in 
which the knife is supported at both ends are the best. The knife is held by a 
carriage which rides upon a well-lubricated track, while the tissue block remains 
stationary. This Is the best type of microtome for celloidin embedded tissues. 
When the latter material is cut, the knife is set at an oblique angle so that as 
798 
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‘much of its. cutting edge as 'possible is utilized. Its long axis, in other" words, ,','J 
iforms an angle of .45 degrees or more with the direction of its cutting motion. ’ , 7 
The Freezing Microtome. — Whenever for some reason tissues are not embedded - ■ 
" in either, paraffin or celloidin, they may be cut in sufficiently, thin sections with - : 

the .freezing microtome (Fig. 371). The tissue, never, more than 1 cm. in diameter,' \V 
. is placed upon the freezing chamber and frozen by means of ether spray .or. liquid r 
.carbon dioxide. The. latter is the quickest and roost satisfactory, agent. It is 
available in large tanks which can be conveniently attached to this special type. 

, of microtome. Freezing chambers may be attached to the sliding microtome arid 
used successfully. The Spencer Freezing microtome is an excellent instrument 
though the author prefers the German made Sartorius microtome, the knife of 



- Fig. 371 .— The Freezing Microtome Arrangement at Temple University Hospital Showing 
tiie.H-tube so that Each Microtome May Receive Co, from Either. Cylinder 


which is supported at both ends in.: a far more stable manner. The same care >■ 
must be, given these microtomes as prescribed for the rotary type. It is to be 
emphasized that good sections cannot be obtained with a worn out microtome.. 

Microtome Knives. — These are the Waterloo of many a technician. All other 
requirements for good technic may be met, yet a poor knife will bring about 
complete failure. Good steel is the first essential. Knives sold by the leading , . 
optical companies seem to be of die finest steel. Those made by Spencer in the 
past. have, been too soft. They are easily sharpened hut do not retain their edge. , . . 
Knives imported from Germany in the years before the World War were, too 
hard. It was extremely difficult to obtain a good cutting edge and nicks occurred A 
more frequently than with the softer steel. Spencer’s recently made knives and A;-, 
those of Bausch and Lomb or Arthur H. Thomas in Philadelphia seem to be of, , .7 
'. a desirable degree of hardness. - / 

; The practice - of sending knives out to a grinder to be sharpened is not rec-, * 7 
ommended unless it be for the removal of deep nicks or to, true a knife ..7 . 

- that has been' ground irregularly . 1 The knife should be frequently honed and . r - 
, stropped if its ecFe is to he maintained. The microtome; knife , sharpener .of ; 7 

- c - ' - ♦ - A,-*' ./ **&&&*>. 
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Schimidt or Fanz may be u«cd successfully. One or the other should be in 
every laboratory and its care delegated to one individual. The directions for 
the use of either are fully given by the dealer who supplies them. The author 
has for years used the smaller hones and while good results are obtained, ex* 
pertness is necessary. A honing guide must be fitted to the back of each knife 
and so marked that it is always placed upon the knife in the same manner. 
A medium coarse yellow Belgian bone is used for rapid grinding out of small 
nicks. The stone must be constantly flooded with water lest the particles of steel 
removed roll under the edge and produce additional nicks. Final honing is per- 
formed on a fine blue-green stone. The surface of this stone must likewise be 
flooded with water. A small accessory stone is provided with each bone for the 
purpose of keeping the surface flat and free of scratches. It should be nibbed 
upon the hone evenly (20 or 30 strokes) each time before the hone is used. The 
knife should be placed flat upon the distant end of the bone and drawn towards 
the worker cutting edge foremost, without pressure and bringing the whole 
cutting edge of the knife across the hone. As the mechanic expresses it, the knife 
is drawn from heel to toe (point). The knife is turned on its back (never the edge) 
and the opposite-side is honed in the same way. These two motions are repeated 
until the desired edge is obtained (Tig. 372). 

The first motion is as above described from heel to toe then, turning the knife 
on its opposite side, it is ground from toe to heel. It is turned again and ground 
this time toe to heel and the fourth motion after turning it from heel to toe. Thus 
each side of the edge is ground with a criss-cross motion. This serves to prevent 
a belly in the cutting edge and seems to increase the keenness of the edge. It is 
well to study the effect of the honing by frequent examination of the edge under 
the microscope using the 16 mm. objective. A good edge must be quite even 
and free of nicks. The scratches formed by the rough hone must he polished out 
by the fine hone and the strop. 

Stropping . — Grinding or honing results in the formation of serrations like the 
teeth of a saw, in the cutting edge. These are extremely fine when the knife 
is properly honed. The purpose of the strop is to bring these serrations into a 
straight line. The flexible barber's strop of the best grade is most desirable 
although the flat mounted strops seem more popular. Strop dressing is not needed 
unless the principle of the barber be followed in occasionally rubbing in a quan- 
tity of shaving soap. This serves to Veep the leather soil and pliable. Gouges and 
nicks in a strop are an evidence of inexcusable carelessness and indifference. 
Occasional stropping will keep a good knife in excellent condition for the cut- 
ting of many paraffin blocks. 

A razor is a necessary instrument for trimming pieces of tissue. The old-fash- 
ioned straight type is the best. Its edge should be constantly maintained. The 
practice of using razor blades may be convenient but they are a needless expense. 
Many times a longer sturdier blade is needed. 

The Paraffin Oven.. — Any type which will maintain a constant temperature 
will prove satisfactory. The electrically heated ovens are the safest, for open 
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-.flames are a source of danger whenever such fluids as xylol, benzol or .acetone. 

. are being employed: Dioxane, a dehydrating agent recently recommended, espe- \ 
cially demands an: electrically heated oven. Those fitted with a paraffin 'well have , 
never proved Satisfactory for the spigots have always leaked. The paraffin used . \ 

; for blocking' may he kept , in a beaker or enamel pitcher on a -shallow;, tray in 
the oven. >, G. •> ; }. * -- ’ /.. 

Glassware.— The Coplin type of staining jar is the most satisfactory. Large 
Petri dishes, of . about .6 inches diameter and three inch depth may. Be. used when : 



Fic. .372.— Method Fon Stropping Microtome Knives 


■ filled with warm water to receive paraffin section, after cutting. The smaller yari- 
; eties. are 'suitable . for . staining, celloidin' sections. In place of the former : a large , 
. .pyrex baking dish,: its bottom .painted black, mounted in a suitably; sized box, f 
' .serves to receive, paraffin sections. The ordinary 75 watt electric, bulb mounted in 
, the. box Will warm the water, in the dish sufficiently to flatten out paraffin sec- . . 
tions.; Small, stender dishes, are convenient -for staining frozen, sections! Their ' 

.. glass covers prevent, the evaporation of stains. 1 ; . V : . ’...t-WW- 

. < . EAPED METHODS FOR PREPARING SECTIONS OF TISSUE ; . 


; : ; IJltropak MethodW-The most rapid "method of preparing . tissue for. 'micro* 
scopic study as that using the’ Ultropak microscope. This instrument utilizes an 
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objective built in an illuminator so that the light is reflected from above down 
upon the tissue on the microscope stage. The tissue, which should be fresh, is 
prepared by cutting a thick slice (1*3 mm.) with a sharp straight razor so that 
a plane even surface is obtained. The freshly cut surface is dipped in a thin layer 
of 0.37t) solution of toluidine blue (Grublerl for 20-30 seconds and quickly 
washed with acidulated water. It is immediately placed upon the stage and 
examined. The tissue must be kept moist. The polychrome elTecl renders sharp 
differentiation between cells and stroma. After some experience one can diag- 
nose malignancy as accurately as by the more tedious frozen method. Further, 
its permits the examination of larger areas. 

Terry's Method. — The procedure just described has tbe disadvantage of requir- 
ing an expensive objective. Terry lias devised a method wherein the ordinary micro- 
scope may be used. A thinner slice (1 to 2 mm. thick) is cut, with as before, a 
plane even surface. It is placed upon a microscope slide and Guilder's or Terry’s 
modified polychrome methylene blue is painted on the exposed surface of the 
tissue. Staining must be done quickly (about 30 seconds) and C3re must be 
taken that no stain runs between the tissue and the glass slide. The tissue is 
flooded wilhwater, a coverglass is placed over it and it is now ready for study. 
Here, only the superficial layer of cells is stained. The section is illuminated by 
the condenser of the microscope in the usual way. It is thin enough so that 
light passes through the unstained tissue readily. Considerable nuclear detail 
may he seen in these sections. The method is as adaptable as the previous one and 
reveals finer detail. With Terry’s original method it is quite difficult to cut a thin 
slice possessing a plane surface. Unfixed tissue is apt to be particularly soft 
and difficult to cut. If unevenness of surface occurs a clear image cannot be 
obtained. Konzelmann uses a hemoslat or a specially designed handle in which 
two razor blades are supported. The long Durham Duplex blade serves best. 
With the hemoslat, the blades are separated by a narrow strip of cardboard of a 
thickness equal to that desired of the section (I to 2 mm.). The cardboard should 
be as long as the blade and about 3/16 of an inch wide. It is placed along one 
edge between the two blades and then the whole grasped and locked firmly in 
the jaws of the hemoslat. Thus a double-edged knife is formed. It is drawn 
downward into the tissue with an even sweeping motion. When it lias entered 
the tissue to its full depth, the blades are tilted almost at a right angle to their 
former position and by a slight sawing motion tbe thin slice between tbe blades 
is severed from its point of attachment. The blades may then be separated and 
the section transferred to the slide- This procedure may be carried out routinely 
while another technician is preparing the frozen section. Often a diagnosis can 
be made before the tissue is completely frozen. 

Frozen Sections. — If the sections are to be cut quite thin (1/100 of a milli- 
meter — 10 microns, or less) they must be rendered firm. In the slower methods 
this is brought about by infiltration with paraffin or celloidin. The tissue is 
altered by the solutions through which it is passed so that it neither looks the 
same microscopically nor is it fit for certain special stains. Fat, of course, would 
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he dissolved by the dehydrating fluids or clearing agents. Hardening the tissue 
by freezing is a method to be chosen where immediate sections are desired or 
whenever the solutions used in the slower methods render the tissue unfit for 
certain special studies. 

Various freezing agents have been used hut liquid carbon dioxide is probably 
the most efficient and convenient. Recently, carbon dioxide snow has been sug- 
gested by Lindsay and Iris colleagues and probably is just as serviceable. For 
the latter method a special block bad been designed (Fig. 373) which may be used 
in a simple microtome to hold the tissue in contact with the “dry ice.” The method 
i-s well worth considering because of its convenience. The liquid carbon dioxide 
method is the method of choice. The freezing agent 
is supplied in iron tanks or cylinders; several 
should be kept on hand for there is no way of 
telling, when the one in use is nearly empty. It 
ceases to function suddenly. It is a wise custom to 
have two separate microtomes connected to separate 
cylinders or to connect two tanks to a single micro- 
tome. If one becomes exhausted, its valve may he 
closed and the second lank opened with negligible 
interruption. The cylinder should be mounted valve 
end down at an angle of 45 dcgiees or better still, 
on its end. It is the liquid caibon dioxide, in its 
transformation to a gas, that brings about the freez- 
ing. If only the gas is released as would occur 
when the cylinder is mounted valve up, there would 
not he sufficient heat extraction to freeze the tissue. 

The’ tissue may be either fiesh, unfixed, or fixed in hot (60° C.) formalin for 
3 to 4 minutes. Fresh tissue is frequently difficult to cut and to handle after 
it is cut hut some stains will be effective only with fresh tissue. Cold formalin 
requires several hours to penetrate so if immediate sections are demanded, hot 
formalin must be used. It does cause shrinkage but the alteration is not great 
enough to defeat the purposes of this rapid method. The block of tissue should 
not he more than 3 mm. thick, nor more than 1 cm. on a side. 

A little water is placed upon the freezing chamber, enough to form a pool 
about 2 mm. deep; the valve of the microtome is opened for a few seconds. 
The liquid thus released is immediately vaporized in the freezing chamber from 
which it issues in white clouds. Alternate releasing of the valve with intermissions 
of 5 or 10 seconds, conserves the freezing agent and is more effective than pro- 
longed release. After the pool is almost completely frozen, the thin layer of 
unfrozen surface water should he wiped off with the Unger, A flat instead of 
rounded surface is obtained to receive the tissue. This thin layer of ice pro- 
tects the knife lest it strike the metal platform after the tissue has been cut 
entirely through. Orient the tissue squarely so that the first contact with the knife 
will be with one of the corners of the block. If the knife strikes parallel to one 
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of the sides of the block, the tissue will in all likelihood he dislodged, .The tissue 
must he placed down in it9 proper position for as soon as it strikes the ice it will 
adhere and cannot he moved to a new position. After orientation co\cr the tissue 
with a little water and release the valve spasmodically until the tissue is frozen 
solid. If its surface is not now quite plane, it may he trimmed with a sharp knife 
or razor kept for that purpose. This conserves the edge of the microtome knife. 
Adjust the automatic feed to 10 microns. 

Be certain that the surface of the tissue is 1 or 2 mm. below the edge of the 
knife and then with the right hand moving the knife in its sweeping stroke and the 
left advancing the micrometer screw one quarter of a turn before each stroke, 
the tissue gradually comes into the plane of the knife edge. As soon as it begins 
to cut, permit the automatic feed alone to raise the block. Continue until the 
knife cuts the entire surface. The sections until now will in all likelihood he 
shredded or powdery because the tissue is too cold. It may lie made warm by 
applying the finger for an instant and then cutting again. When the correct 
degree of hardness is brought about by the gradual warming of the tissue, 
the sections will cut easily and curl up slightly upon the knife, from which 
they may be lifted with a camel’s hair brush. If the knife is brought over the 
tissue with a swift even stroke that terminates suddenly but not too firmly as 
the knife carriage strikes the post which limits the movement, the section will be 
thrown from the knife. It may be caught in a dish of water which is held by the 
left hand to receive it. By either method the section is received in water or in 1J& 
salt solution and may then be carried through any of the staining technics. A 
number of sections may be cut in a short time and there will be plenty of tissue 
available for staining. Usually it is not necessary to freeze again but if the tissue 
becomes too soft it may be done as at first. Sometimes when the tissue is lacy 
and breaks easily it is better to permit it to become softer and to allow the 
sections to pile up on the knife edge. After 8 or 10 have thus accumulated the 
whole mass can be wiped off with the finger and transferred to the dish of water. 
They will then slowly separate and can be unfolded by gentle poking with a 
small brush. The separate sections may now be transferred to a staining dish 
with a section lifter or a camel’s hair brush. 

If the tissue i3 very fragile it is well to wash out the fixative and infiltrate 
before freezing with some mucilaginous medium made as follows: 


Saturated aqueous solution of cane sugar 3 parts 

Gum acacia mucilage 5 parts 


Gum acacia mucilage is made by dissolving 60 gram3 of gum acacia in 80 c.c. of 
distilled water. 

The tissue is placed upon the platform in a pool of this mucilage as described 
for water above and frozen. The gum solution should be removed from the sec- 
tions washing in water before staining. 

For' rapid staining the following method may be employed: 

Transfer the sections to a small dish containing Unna’s polychrome methylene 
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blue (Griibler) or Terry’s modified polychrome methylene blue. The author has 
obtained good results with old solutions of Loffler’s methylene blue. Keep the 
sections moving constantly for 10 to 20 seconds and then wash in' 1% sodium 
chloride solution. 

Transfer to a slide and mount in glycerin jelly or Brunn’s glucose medium, 


made as follows: 

Glucose 240 grams 

Distilled water 840 c.c. 

Spirit of camphor 60 e.c. 

Glycerin - 60 c.c. 

Filter 


Dissolve the glucose in the water with gentle heating. 

These sections are not permanent. Permanent sections may be prepared almost 
as rapidly. The section may be stained in dishes as above, using a small stender 
dish or watch glass for each solution or the section may be stained upon the slide. 
After transferring to a slide, drain the excess water and dehydrate with 80% 
and then absolute alcohol. Permit a few drops of a mixture of equal parts of 
ether and- absolute alcohol to flow over the section and then cover with one 
drop of very thin celloidin (0,05%). Thin celloidin for this purpose may be 
prepared as follows: 

1. Stock solution: One gram of celloidin in 50 c.c. alcohol and ether mixture. 

2. Add 5 c.c. of this stock solution to 50 c.c. of alcohol and ether mixture. 

A thin film fastens the tissue to the slide but does not interfere with staining. 

The section may now be stained in hematoxylin and eosin as are paraffin sections. 
They may be studied while still in creosote if protected by a cover glass or they 
may be at once permanently mounted in balsam. 

METHODS FOR THE FIXATION OF TISSUES 

Fixation is the process whereby tissues are prevented from undergoing any 
disintegrative or digestive change. There is no ideal fixing agent. Many cause 
shrinkage of the tissue. 

Zenker’s Fluid. — Potassium bichromate 2.5 grams 

Mercuric chloride 8 grams 

i Water enough to make 100 c.c. 

Add 5% glacial acetic acid before using. 

The mercuric chloride will not all dissolve. The amount indicated will maintain 
a saturated solution which is required. Thin slices of tissue (not over 5 mm.) 
are fixed in 10 times their volume of the reagent for 12 to 24 hours. It is well 
to place a thin layer of cotton or paper on the bottom of the vessel so that the 
tissue does not stick to the glass. After fixation, wash the tissue for 24t>hours 
in running water. 

This reagent preserves well the structure of the tissue. Fibrin, fibrils and 
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nuclear details are sharply defined when this fixative is followed l»y phospho- 
lunstic acid hematoxylin. Tissues fixed in Zenker’s fluid require longer hema- 
toxylin staining time than those fixed in other reagents. 

Helly’s Fluid. — This is similar to Zenker’s; 5% formalin is added instead 
oi glacial acetic acid. It preserves some types of cytoplasmic granules which ate 
dissolved by acetic acid. It has the same advantages as Zenker’s fluid and it is 


used in the same manner. 

Flemming’s Solution. — Osmic acid (2% aqueous solution) .... 4 c,c. 

Chromic acid (1% aqueous solution) . . 15 c.c. 
Glacial acetic ocid 1 c.c. 


It is best to make this solution fresh from the aqueous solutions just as it is 
needed. It penetrates slowly and therefore tissues should he not more than 2 mm. 
thick. Complete fixation requires 1 to 2 days. The ti«ue must be washed for 12 
to 21 hours before dehydration. This is an excellent fluid for the preservation of 
fat in tissue. The fat is blackened by the osmic acid. 

Alcohol. — Tills reagent in 95'/« or better, 100'{ concentration is a good fixative 
but it causes considerable shrinkage unless it is used in ascending concentrations 
starting with 70%. It hardens the tissue considerably. It is seldom u«ed except 
where glycogen is to be demonstrated. Glycogen is very soluble in water and 
requires that the tissue be fixed in absolute alcohol and embedded in celloidin. 

Formaldehyde. — Formaldehyde is a gas, soluble in water. It is obtainable in 
40% solution commonly known as formalin or formol. It is used in 4% strength 
of the gas (10% of the commercial solution). Formic acid is generated in 
formalin solutions and ha3 a deleterious effect upon tissue. Therefore, slock 
bottles of the prepared fixative should contain a thick layer of marble chips 
on the bottom for the purpose of neutralizing it. Formalin penetrates rapidly 
and fixes well. It hardens the tissue. It permits the use of a wide variety of 
stains. It is the best fixative for nerve tissue. It does not prevent shrinkage of 
tissue by alcohol in dehydration or by the heat of paraffin oven as well as 
Ilclly’s or Zenker’s fluids. 

Formol- Alcohol. — A mixture of these two reagents has the advantage of fixing 
and dehydrating at the same time. There is considerable shrinkage of tissue which, 
however, does not greatly interfere with routine studies. It is frequently used Tor 
rapid paxalfm or ceUoidiw methods. The formula used at the Temple University 
Hospital is as follows: 


Formalin (40% formaldehyde solution) 18 c.c. 

Alcohol (95% ) 60 c.c. 

Glacial acetic acid 3 c. c . 

Water 39 c.c. 


Piece£*8f tissue from 2 to 4 mm. thick are fixed in 1 to 4 hours. 

Picro-Formol- Acetic Acid Mixture. — These mixtures are well known because 
of the excellent manner in which they preserve cytologic details. Some nuclear 
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aniline dyes do not stain well after fixation in this fluid. If Bouin's fluid or a 
modification is used some tissues should be fixed in Hellv's or Flemming’s fluid. 

Bouin’s Fluid. — Saturated aqueous solution of picric acid 75 parts 


Formalin (40% ) 25 parts 

Glacial acetic acid 1 . 5 parts 


There is little danger of overfixation and the fluid penetrates rapidly. 

McClung and others have found lhat the addition of urea enhanced the 
preservation of finest cellular details. Allen’s modification is recommended: 


Saturated aqueous solution of picric acid 75 pails 

Formalin (40%) C.P 15 parts 

Glacial acetic acid 10 parts 

Urea 1 part 


The addition of chromic acid, 1 part, to Allen’s formula is also recommended. 
It must he added just before using for the chromic acid is reduced by the formol 
with the development of a greenish color. Other discolorations or precipitates are 
due to impurities in the reagents used and render the fluid useless. 

WASHING 

v Tissue need not he washed in water after formalin or alcohol fixation. Tissues 
fixed in solutions containing chromium salts should be washed for 24 hours in 
running water. Those fixed in picric acid solution will be macerated if left too 
long in water; washing should therefore he brief (several hours). 

METHODS FOE THE DEHYDRATION OF TISSUES 

Ethyl Alcohol. — This is the most common dehydrating agent. It should be used 
in ascending strength, 70%. 80%. 95%. and absolute alcohol. Where one wishes to 
reduce shiinkage to a minimum, still weaker solutions must be employed. Begard- 
less of the manner of dehydration with alcohol, there will be shrinkage but it will 
be less with the slower and more gradual process. Iso-butyl alcohol has been used 
with slightly less shrinkage than that' caused by ethyl alcohol. It is toxic and its 
vapors m ay cause headache. 

. Dioxane (Diethyl Oxide). — This is a colorless liquid which boils at 101° C. 
ft is a solid below 8°.C. It is highly volatile, mixes with all proportions of 
water and alcohol. It dissolves paraffin slightly when cold and quite readily 
when heated. According to Baird and Bucher while it does not completely meet 
the requirements of a perfect dehydrating agent it is definitely superior to any 
substance used at present. Tissues remain soft and do not become brittle. Tlieie is 
little or no shrinkage depending upon the tissue itself, and there is no distortion. In 
Bucher’s and Blakely’s experience, dioxane has enhanced rather than detracted from 
the effect of some of the commonly used stains. No special preparation,, of the 
tissue is necessary except for colloid or colloid-like substances which have been 
fixed in formalin. These must be washed in running water for 12 or 24 hours. 



808 HISTOLOGICAL METHODS 

Under oilier circumstances, tissues are treated as lor dehydration by alcohol. It is 
most important to remove all paraffin from the section before staining, for even 
traces of paraffin will interfere. Dioxane is inflammable and no attempt should 
be made lo redistill it. There must be no open flame in the room where it is 
employed. Its vapors have a slight anesthetic effect. Therefore, all containers mu«t 
be kept covered or tightly stoppered. 

Bucher and Blakely have designed a small perforated cup ol porcelain winch 
rests in a slender dish (93 mm. in height and 62 mm. in diameter) upon glass 
supports so that the tissue in the cup lies at about the middle of the fluid volume. 1 
Dishes are filled three-Iourths with the reagent. Their technic is as follows: 

1. Fixed tissue not more than 4 mm. thick is placed in a mixture of 1 part 
distilled water and three parts by volume of dioxane {unrefined, commercial). 
This step lessens shrinkage and may be omitted. One hour is sufficient time in this 
mixture. 

2. The second dish contains pure dioxane. Anh)drous calcium chloride is placed 
in the bottom of the dish to about the depth of 1 cm. It prolongs the usefulness 
of the reagent for after about 2 weeks it may be removed, the dioxane filtered 
and used again. Two to three hours is sufficient to complete dehydration. A longer 
time does not harm the tissue. 

3. Infiltration after dioxane does not differ greatly from the procedure com- 
monly followed. The tissue is supported above the bottom of the paraffin con- 
tainer by copper wire baskets (about the size and shape of the porcelain cups). 
As the dioxane is volatile, several changes of paraffin are not necessary. The tissue 
has a tendency to fall out of ribbons if all the dioxane is not removed. Infiltration 
for a period of 8 to 12 hours seems to accomplish complete removal and thorough 
infiltration. We recommend paraffin having a melting point of 56° to 58® C. 

Hie method of staining is that commonly used. Alcohol instead of dicAane is 
employed as a dehydrating agent for sections. The authors mentioned above prefer 
Harris's hematoxylin stain followed by immersion in Tyo aqueous solution of 
sodium hyposulphite for 15 to 30 seconds. The section is of course to be washed 
in water after each step. Xylol is used os a clearing agent before mounting in 
balsam. 

Acetone. — While acetone is suitable for small fragments of tissue it is not 
generally'recommendcd for it produces shrinkage and shattering of tissue. Small 
fragments may be dehydrated by 2 or 3 changes of acetone of $4 to 1 hour each. 

METHODS TOR THE CLEARIMQ OT TISSUES 

Since ethyl alcohol is not miscible with paraffin or celloidin, the embedding sub- 
stances to be employed, it is necessary to find some substance which will remove 
the alcohol from the tissue and be in turn miscible with paraffin. I«o-butyl alcohol 
or dioxane require no clearing agents for these substances will mix with paraffin. 
There 'ore three commonly used clearing agents. Some, but not all of these, 
render the tissue translucent, hence the name of the procedure is inappropriate. 

1 May be purchased from A. H. Thomas Co., Philadelphia. 
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Cedar-Wood. Oil. — Tissues should be placed after dehydration in a mixture 
of equal parts of cedar-wood oil and absolute alcohol and then in pure cedar-wood 
oil From 2 to 12 hours are required for each depending upon the nature of the 
tissue. The tissue is translucent when completely “cleared.” The oil should be 
washed from it with chloroform for several minutes before placing it in paraffin. 
Several changes of paraffin are required to remove the last traces of oil. Some 
workers prefer to place the tissue in a mixture of equal parts of oil and paraffin 
and then into two changes of paraffin. 

Benzol. — Benzol may be used for small pieces of tissue that clear quickly. 
It hardens too much when treatment is prolonged. One-half to one hour is required 
for fragments 2 to 3 mm. in diameter. When the action is complete the tissue is 
quite translucent. 

Chloroform. — Tissues are placed in pure chloroform after dehydration. After 
4 to 8 hours they may be transferred to a mixtme of equal parts of chlorofoim 
and paraffin where they remain for 4 to 8 hours. 

PARAFFIN METHODS FOR THE INFILTRATION AND EMBEDDING 

OF TISSUES 

Infiltration. — Infiltration is designed to give the tissue rigidity so that 
it may be cut in extremely thin sections, and to hold together its fragments. 
Paraffin and celloidin are commonly employed. Paraffin is the most popular 
infiltrating agent. That having a melting point of 56° to 58° C. is chosen. In very 
cold weather, that having a melting point of 52° C. is more desirable. It is recom- 
mended that a large supply be kept on hand, for new paraffin tends to crystallize, 
a change which renders section cutting impossible. Infiltration is obviously carried 
on in some form of oven that maintains a constant temperature slightly above the 
melting point of the grade used (I to 2 degrees). It should never be permitted 
to go above this point lest the tissues be damaged. Mixtures of paraffin and cedar- 
wood oil of chloroform should be placed on top of but not in the oven. Some 
prefer two changes of paraffin. The first having a melting point slightly lower 
than the second or final bath. Tissues of the thickness recommended (3-5 mm.) are 
usually completely infiltrated at the end of 4 or 6 hours. However, they are fre- 
quently left in the paraffin oven over night. Some workers have found the addition 
of rubber improves the quality of the sections obtained. The, following formula 
is recommended (Baird) : 

Prepare a saturated solution of crude rubber in paraffin (m.p, 53°-55° C.) 

This is the stock rubber-paraffin, with which the embedding medium is prepared. 


Stock rubber paraffin (winter months) 160 grams 

(summer months) 140 grams 

Paraffin (m.p. 53° to 55° C.) 720 grams 

Bayberry wax - SO grams 

Aniline oil 5 c.c. 


It may be used as plain paraffin. t 

* i 

t 
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Embedding:. — -Tissues may be embedded in paraffin on wooden blocks, in paper 
cups or in Petri dishes. Oak blocks 1 x 1 x 1.5 inches arc the most suitable. Wrap 
a piece ol paper 2Y> x 6 inches, around die Mock so that a cup is formed on one 
end (Fig. 374). A rubber band will bold the paper in place. Pour some hot melted 
paraffin into the cup and set the tissue in it keeping in mind the manner in which 
it is desired that the tissue appear' in the sections. For example a piece of intestine 
must be placed on its edge so that the microtome knife will cut cross sections of its 
wall. Fill the cup with paraffin until the tissue is well covered. Set the block aside 



1. Crease on dotted lines Fold projecting flapa^insi the end. 



3. Repeat wilh adjoin inf corner 4 -Told over and crease the project- 
ing end flap to leek the corner joints. 




Fie. 37 1.— The Method of Folding the Fateh Curs 
(From Gradvrohl, Clinical laboratory Methods and Ihnfmosis, C. V. Mn«bjr Co-) 


until the surface solidifies. Then plunge the entire block into ice water or stand 
it next to ice in the refrigerator until it has completely hardened. If the metal 
disk is used to carry the paraffin Mock in the microtome, embedding must lie 
done in paper cups or in a Petri dish. The block prepared by any method must 
be neatly trimmed and the edges beveled so that the surface is a true rectangle. 
The sections will separate more readily if the comers of the block are cut away. 
The tissue should be well surrounded by paraffin on all sides. Chill the block on 
ice before placing it in the microtome. Routine sections should be cut 6-8 microns 
thick. If the tissue has been properly infiltrated it will form long ribbons as sections 
are cut. Transfer the ribbon to a dish of warm water (40° to 45° C.) with the aid 
of a camel’s hair bru«h and fine forceps. If the water is of the correct temperature 
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(40° to 45° C.), the sections will flatten out completely and they may Be separated • 
Bv poking gently; at. the nick that has formed between the sections as, the result; of , b 
. cutting • the corners of . the; block. Float a section upon a slide which has been ; - 

A, smeared with Mayer’s albumin 1 :; ■; , 

This adhesive malerial may be prepared by mixing equal parts of egg white, and 
glycerin. Beat the mixture, thoroughly untilit flows evenly 'like thin syrup. Filter 
. , arid add 1% sodium salicylate as a preservative. ■ . . . / 

Place a tiny drop upon a. slide and smear evenly over the entire surface with the • 

; • finger.’ The excess', may be wiped away with palm of the hand. Only a very thin 
film, is desired.- After the- sections have been properly located, permit them to dry 
• well protected frorii dust for several hours or better overnight. ' 

SUMMARY OF METHODS FOR INFILTRATING AND EMBEDDING IN PARAFFIN 

Slow Method.— 1; Fixation of tissue not more than 5 mm. thick. 1 , 1 . ' * 

’ '%.\ : .10'% formalin' ...... .. .. .12-24 hours or, ' “ 

/ i .. •• ; Zenker’s fluid .12 to 24 hours or, . ■ - - , 

/VJ - ■ Bouin’s . fluid ;. 6 to 12 hours - 

- . , Wash in running water. .. .12 to 24 hours after Zenker’s. • 

2. Dehydration. : - 

Ethyl alcohol 70% 12 hours 

, ,, , Ethyl alcohol 80% 12 hours 

•’F../ ’Ethyl alcohol 95% 12 hours 

. V Ethyl alcohol 100% 12 hours • . ’ . 1 

V ’ 3. -Clearing, .v „ 

'v-v.'; -'. Ethyl alcohol 100% and A 

- ( - ‘ Cedar-wood oil equal parts 12 hours 

•'v- : ’Purecedar‘--Wo.6d oil 12 hours 

jp, <’ 4. Infiltration. ' . ' • ’ 

\ • v V; Cedar- wood oil and 

-■ . : :Earaflin equal parts 12 hours (Place on top of oven) 

y V; . Paraffin il . . .• 8 hours . „ ,l v 

Parafliri; 2 .... . 8 hours , - 

: -5. Orientation and embedding. • , • . 

- • ’ , ' Cool, block quickly.- , - 

Rapid Method.— rTissue must not. be more than 3 mm. thick. ■ by 

. ' l. Fix in fo'rmol-alcohol 1-4 hours. . . - "■/ \„; ,Vy V- 

, ' 2. : ;Dehydrate iii acetone, 3 changes each % hour. ' 

3. Clear in benzol' for hour or until translucent. - , ' . . • • 

c '4, Infiltrate with paraffin for 2-4 hours, or overnight.. . y 

; ’ 5., Orient and embed as in metliod No. 1. - • y . ' ' /" V 

: , Bioxahe Method .(Bucher and Blakely). — 1. Fixation as- in method No.- l -, 

2. Dehydrate in dioxane mixture for 1 hour: ' 

(a) Dioxane: _. ’Ji"; ....2 parts - • •’ ' 

' \ /Water ,jV. .1 part - . ■ ; . Vy-c; 
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(6) Pure dioxane for 2-3 hours. 

3. Infiltrate with paraffin 8-12 hours. 

4. Orient, embed as in method No. 1. 

CELLororcr methods for the infiltration and embedding 
or TISSUES 

It was once believed that paraffin could only be u^cd for small sections of tissue, 
but Wainwright and others have succeeded in preparing beautiful sections of whole 
breasts and other organs embedded in paraffin. There are tissues, however, winch 
are damaged or hardened by the heat of the paraffin oven so that some embedding 
material is desired that may be employed at room temperature. This requirement 
is met by trinitrocellulose, sold for this purpose under the name of Cclloidin or 
Parloidin. Some workers have found commercial guncotton as sold by the Hercules 
Powder Co. to be just as satisfactory and considerably cheaper. It may be pur- 
chased in 5 pound tins and of course must be carefully stored, far removed from 
any source of heat. The cans must never be opened uilh a steel instrument lest a 
spark be generated and the guncotton ignited. Celloidin is used for embedding in 
two ot more solutions. The first is thin, ju«t half the strength of the stock or thick 
celloidin. Thick celloidin is prepared by dissolving 30 grams of dried material 
in 200 c.c. of a mixture of equal parts of absolute alcohol and ether (Mallory). 
One must carefully dry the chips of celloidin, since they are preserved in water. 
Parloidin is now obtainable in dry gla«s bottles. It is customary to place the wet 
chips upon a piece of absorbent paper for 2k hours far removed from any heat 
source or flame. They should be protected from dust. While large pieces of tissue 
such as whole brain sections may be embedded in cclloidin, tissues cut better if 
they measure not more than 2 cms. on a side and 5 mm. thick. The trimmed pieces 
are fixed and dehjdrated in the usual manner. After delimitation in absolute alcohol, 
they are transferred to a mixture of absolute alcohol and ether where they remain 
for 2% hours. They may then be tran«ferrcd to thin celloidin. Here they must re- 
main for at least 21 hours or Letter, for several days. Tinally the pieces are soaked 
in the thick solution for one or more days. The pieces should then be grasped 
with a pair of forceps carrjing as much of the celloidin with them as possible 
and oriented on a vulcanized fiber block. Block and tissue ore immediately plunged 
into chloroform where they are held submerged for 1 or 2 hours. After this they 
w.t.'j be. stated iv. aUahak. S/vme. prefer ^>We. tta Wvsvmi to 7M»&tt?As.Vy tVtak. 
celloidin in a dish fitted with a tight cover. After sufficient soaking one or more 
days, the cover is lifted for a few hours permitting a film of celloidin to form on 
the surface. The lid is replaced and overnight the vapor of ether dissolves the 
surface film with consequent concentration of the mass of celloidin including that 
which has infiltrated the tissue. This process is repealed until the mixture acquires 
a moderate^ firm consistency. Blocks may row be cut out with a knife, cemented 
to- the fiber blocks with thick celloidin, plunged into chloroform as before and 
finally stored in 80% alcohol. Sections may be cut on any microtome though the 
sliding type is preferred. The knife must be set at an angle of 45 degrees or more 
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so that nearly all the cutting edge passes through the tissue. The Block and the 
knife must be kept wet with 80% alcohol. The sections may be transferred to water 
or 80% alcohol where they iemain until stained. They may be stained upon the 
slide or in staining dishes. Nearly all methods are applicable without removal of 
the celloidin. If it becomes necessary, oil of cloves or the alcohol and ether mixture 
may be employed to dissolve the celloidin. If celloidin sections are carefully blotted 
and the wrinkles ironed out, they will ordinarily adhere quite firmly to the slide. 
They must never be permitted to become dry during the staining process. 
Celloidin Method (Custer). — 1 . Fix tissue in formalin or Zenker’s solution 

2. Wash in running water for 24 hours 

3. Dehydrate in alcohol 


65% (with iodine for Zenker's fixed tissue) 12 hours 

85% 12 hours 

90% 24 hours 

95% 24 hours 

100% 24 hours 


100% (with anhydious coppei sulphate as a desiccatoij . 24 hours 
100% alcohol and ether, equal parts (with copper sulphate) 24 hours 

4. Infiltrate. Pass through 5 solutions of celloidin from very thin to very thick, 
each 2 dajs. 

5. Place in a covered dish containing thick celloidin and control evaporation 
so that the celloidin hardens from within outward until it has the consistency of 
hard .rubber. 

6. Cut cubes and preserve in 80% alcohol. 

7. Dry cube and cement to fiber block with thick celloidin. Harden in 65% 
alcohol. 

‘8. Keep knife and block wet with 65% alcohol while cutting. Very thick 
celloidin is made by dissolving about 22 grams of the chips in 100 c.c. of alcohol 
and ether mixture. 

METHODS FOB THE STAINING OF TISSUES 

The manner in which tissues or cells become stained when exposed to ceitain 
dyes is not at all clear. Once, it was supposed that the phenomenon was a chemical 
one, that basic substances would be stained by acid dyes and vice versa. At least 
it is not always so, for there is much to indicate that- the process is purely 
physical, in which capillarity and osmosis account for the penetration of the dye. 
Adsorption may explain many of the phenomena of differential staining. Adsorp- 
tion is a properly possessed by a solid body, of attracting to itself, minute 
particles of matter from a surrounding fluid. These particles may exist as ions. 
The fact that the rate of adsorption may be influenced by the presence of other 
ions and that the reaction of the solution has a profound effect explains the 
phenomena of differential staining of various cellular elements, variation in the 
rate of staining with changes in the salt content of the staining solution and the 
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influence of the H-ion concentration upon color assumed by tissue when it is 
exposed to the action of both acid and basic dyes. Only the best available 
stains should he purchased for preparing solutions. For many years only the 
dyes of German manufacture could be relied upon and there are still some obtain- 
able from Gruhler that cannot he equaled. However, the dyes prepared by the 
National Aniline and Chemical Company, or Coleman and Bell in this country 
have given very satisfactory results. Whenever possible stains should be pur- 
chased which have been certified by the Commission on the Standardization of 
Biologic Stains of Geneva, New York. 

Hematoxylin and eosin are the stains used routinely employed; they nre pre- 
pared as follows: 

Hematoxylin (Delafield) : 


Hematoxylin crystals 4 grams 

Alcohol 25 c.c. 

Saturated solution of ammonium alum — 400 c.c. 


A saturated solution of alum should he kept on hand. It is made by dissolving 
180 grams of ammonium alum in 1000 c.c of water by the aid of heat. When 
the solution cools, some of the alum will crystallize, hut the supernatant fluid 
will be saturated. Dissolve the hematoxylin in the alcohol and add it to the alum 
solution. Expose the solution to sunlight and air in an unstoppered bottle for 
3 or 4 days. Filter and add: 


Glycerin 100 c.c. 

Alcohol 95^e> 100 c.c. 


Permit the solution to stand in the light until it is quite dark. It keeps well 
and its state of preservation may be determined by pouring a little into a beaker 
of water. A good stain de\e!ops a purple color while a slain that is poor or no 
longer effective causes a red solution. Tire action of hematoxylin depends on the 
presence of alum. Old solutions which stain too diffusely mav be restored by 
the addition of alum to the stock. Precipitates are constantly forming; therefore, 
the solution must be filtered before it is diluted for use. It is the author’s practice 
to dilute the stock with an equal volume of water before using. 

Hematoxylin (Harris): 


Hematoxylin 1 gram 

Alcohol 10 c.c. 

Dissolve the hematoxylin in the alcohol. 

Alum (ammonium or potassium) 20 grams 

Distilled water 200 c.c. 


The addition of 8 c.c. of glacial acetic acid increases nuclear staining. 

The alum should be dissolved in the water by the aid of heat and then the 
alcoholic solution of hematoxylin added. Heat the mixture to the boiling point 
and add half a gram of mercuric oxide. As soon as the mixture develops a dark 
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purple color, cool it quickly by plunging the vessel -which contains it into cold 
water. It is ready for use when 1 it has cooled. The solution stains well and 
may be kept for a long time. It is especially recommended for Zenker fixed tissues. 

Eosin. — Eosin Y (yellowish) is one of the most valuable of plasma stains. It is 
labeled as water soluble but it is also soluble in alcohol. It is made as follows: 


Eosin Y (85% dye content) 1.0 gm. 

Ethyl alcohol (95%) 25.0 c.c. 

Water 75.0 c.c. 


Sections are stained from Y> to 1 minute. 

Eosin B (bluish) is not a satisfactory stain. A bluish lint may be obtained by 
the addition of rose bengal or similar dye to eosin Y. Coleman and Bell offer 
such a product which is labeled “eosin bluish blend.” 

Paraffin sections are stained upon the slide. There are many types of staining 
jars available. The Coplin jar will accommodate 10 slides at a lime for in it there 
are 5 grooves in each of which two slides may be placed back to back. Glass or 
metal racks carrying from 10 to 25 or more slides may be purchased when a great 
number of slides are to be stained at one time. The Coplin jar is the most 
popular; it is used for all of the reagents in the following steps: 

1. Remove the paraffin by placing the slide in xylol for 5 minutes. A second 
bath in xylol is advocated for 3 minutes. 

2. Wash in alcohol (95%) for 5 minutes to remove the xylol. 

3. If the tissue has been fixed in Zenker's fluid, place the slide in dilute tincture 
of iodine for 5 minutes to remove the precipitated mercuric salts. 

This step is necessary only after Zenker’s fixation. Some prefer to remove the 
mercuric salts by dissolving iodine in the first alcohol in the process of dehydra- 
tion. This solution must have enough iodine dissolved in it to give a port wine 
color. It must be renewed as frequently as the iodine fades. 

4. Wash in alcohol for 5 minutes to remove the iodine. 

5. De-alcoholire the tissue in descending strengths of alcohol (80% and 70%) 
each for 3 minutes. 

6. Wash in water. 

7. Stain in hematoxylin for 5 minutes. 

8. Wash in w'ater and place in acid bath (1% aqueous solution of hydrochloric 
acid) to remove the hematoxylin (Yj minute) from all but the nuclei. Control 
decolorization by frequent examination, of the tissue with the microscope. The 
stain must remain in the nuclei. 

9. Wash in W'ater. If one drop of ammonium hydrate is added to a jar full of 
watei. the stain will deepen quickly. The ammonia must be thoroughly removed 
by washing before the next step. 

10. Allow- the slide to stand in pure water for 5 minutes to deepen stain. 

11. Slain in eosin (1% aqueous, w'ater soluble, yellowish eosin) for Yz to 1 
minute. 
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12. Wash in water and then dehydrate in ascending strengths of alcohol — 80%, 
95% and absolute alcohol. Each solution for 3 minutes. 

13. Clear in beechwood creosote or xylol for 5 minutes. 

The section must be translucent. If xylol is used and tissue is not thoroughly de- 
hydrated, a milky fluid will be formed which can be removed by returning the slide 
to the alcohol hath. 

14. Drain and wipe the clearing fluid from the slide around the section. Place 
a drop of Canada balsam on the tissue, cover with a cover glass. If the balsam 
does not immediately spread over the section without the inclusion of air bubbles 
under the cover, it is too cold or too thick. Gentle warming followed bv gentle 
pressure will accomplish the desired result. If the balsam is quite thick, add a 
little xylol and mix until it has a thin syrupy consistency. It is important to add 
just the right sized drop of balsam. If too much is added, it will flow from 
beneath the cover and cause a sticky, dirty preparation. It is important also that 
not too much mounting media be used lest it interfere with the distinctness of the 
microscopic image, or prevent the use of the oil immersion lens. If too little 
balsam is used, the whole section will not he covered, air bubbles will form and 
the tissue will eventually dry out. 

Mallory’s Phloxine and Methylene Blue Stain. — This was formerly called 
the eosin methylene blue method until it was discovered that some of the staining 
qualities of this method were really due to the presence of phloxine in what wa« 
incorrectly sold as eosin. This mixture produces a sharp nuclear stain and reveals 
yilh marked differentiation the various structures in tissues. Tissues should be 
fixed in Zenker’s fluid. 

1. Stain paraffin sections in a 5% aqueous solution of phyloxine (dye content 
about 80%) for 20 minutes or longer. 

2. Wash away the excess phloxine with water. 

3. Stain for 30 minutes in borax methylene blue solution diluted in 10 parts 
of water: 


MeLliylene blue (medicinal 90% dye content) . . 1 gram 

Borax 1 gram 

Water 100 c.c. 


Pour this solution on and off the section several times. 

4. Wash in water. 

5. Differentiate and dehydrate in 95% alcohol in a dish to which lias been 
added a few drops of 10% collophonium. The section must be kept in constant 
motion so that decolorization will be uniform. Control the result under the micro- 
scope. When the pink color has returned to the section and the nuclei are still 
blue, complete dehydration quickly with absolute alcohol. 

6. Clear in xylol. 

7. Mount in balsam. 
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Phosphotungstic Acid Hematoxylin (Mallory). 

Hematein ammonium . .' 0.1 gram 

Water 100.0 c.c. 

Phosphotungstic acid crystals (Merck) . . 2.0 grams 

Dissolve the hematein in a little 'water with the aid of heat. After it is cool 


add it to the phosphotungstic acid dissolved in about 80 c.c. of water. Dilute 
finally to 100 c.c. The solution should be permitted .to stand for several weeks 
to ripen before it is used. However, ripening may he hastened by the addition of 
5 c.c. of a 0.25% solution of potassium permanganate. This permits immediate 
use of the stain. Hematoxylin may be substituted for the hematein ammonium. 
If this substitution is made, add 10 c.c. of the permanganate solution to ripen 
the mixture. 

Zenker fixed tissue is required for this stain. Kernohan has obtained satisfactory 
results until foimalin fixed tissue after it has been especially treated in Weigert’s 
mordants. 

1. Wash the tissue for several hours in running 'water or in dilute ammonia 
for a short time. 

2. Fix four days in Weigert’s primary mordant for myelin sheaths: 


Potassium bichromate 5.0 grams 

Chromium fluoride (flurocbrom) 2.0 grams 

Water 100.0 c.c. 

3. Fix 2 days in Weigert’s secondary mordant for mvclin sheaths: 

Copper acetate 5.0 grams 

Chromium fluoride 2.5 grams 

Acetic acid (36%) 5.0 c.c. 

Water 100.0 c.c. 

Formalin 10.0 c.c. 


Nuclei, fibroglia. myoglia, neuroglia fibiils, fibrin and contractile elements of 
sliiated muscle are stained blue; collagen and ground substances of bone, varying 
shades of yellow or brownish red. Elastic fibrils develop a puiplish lint. Tissues 
are nin through the pieliminary steps as for the routine staining method until 
they are brought into the first wash water after the removal of paraffin: 

1. Place in 0.25% aqueous solution of potassium permanganate for 5-10 min- 
utes. 

2. Wash in water. 

3. Oxalic acid, 5% aqueous solution for 10-20 minutes. 

4. Wash thoroughly in water. 

5. Stain in phosphotungstic -acid hematoxylin for 12-24 hours. 

6. Transfer to 95% alcohol and 'then to absolute alcohol. Dehydrate quickly 
for the red stain is easily extracted. 

7. Clear in xylol and mount in balsam. 
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Aniline Blue Collagen Stain (Mallory). — This stain is useful for the study 
of collagen, fibrin, fibroglia, muscle and amyloid. Collagen fibrils and reticulum 
of connective tissue, amyloid and mucus arc stained blue; nuclei, cytoplasm, 
fibroglia fibrils, neuroglia fibrils, axis cylinders and fibrin red; red blood cells and 
myelin sheaths yellow; elastic fibers, pale pink or yellow. The dye is prepared 


as follows: 

Aniline blue soluble in water (certified) . ... . 0.5 gram 

Orange (certified) G. 80% -85% dye content 2.0 grams 

Phosphotungstic acid 1.0 gram 

Water 100.0 c.c. 


Prepare tissues as for the routine stain to the first wash water. 

1. Stain sections in 0.25% aqueous solution of acid fuclisin for 30 minutes. 
Drain and immediately: 

2. Stain in the aniline blue solution for 1-21 hours or longer. Staining in 
paraffin oven for 1 hour gives as good a result as over night in the cold. 

3. Wash in several changes of 95% alcohol and then in absolute alcohol. 

4. Clear in xylol. 

5. Mount in balsam. 

If the tissue is first stained lightly in Delafield’s hematoxylin, nuclei and smooth 
muscles stain brownish color. 

Azocarmine Modification (Haidenhain) of Mallory’s Aniline Blue as Em- 
ployed by McGregor for the Study of Renal Glomerulus.— In general the 
results are best following Zenker or Helly fixation. However, tissues fixed in 10% 
formalin may be treated as follows: 

(а) For paraffin sections of formalin-fixed tissue: 

.1. Ammonia (40 drops to 10 c.c. water) 

2. Running water 

3. Zenker’s or Helly’s fluid 

4. Running water 

(б) For blocks of formalin-fixed tissue: 

1. Ammonia (40 drops to 100 c.c. of water) ; 2 days 
in paraffin oven at 40° C. 


2. Running water 21 hours 

3. Zenker’s fluid 5 hours 

or 

Helly’s fluid 12 hours 

4. Running water 12 hours 


1. 1% azocarmine G (1 gm. in 100 c.c. water, heat, cool, filter at room 
temperature and add 1 c.c. glacial acetic acid). Stain 30 to 40 minutes in the 
paraffin oven at 57° C. 

2- Wash in water. 


1 Imur 
1 hour 
1 hour 
1 hour 
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3. Differentiate in aniline alcohol (1 c.c. aniline oil in 100 c.c. 95 % alcohol). 
Watch under the microscope until the nuclei are red and the cytoplasm pale pink. 
This step requires from one to three minutes, depending on the thickness' of the 
sections. 

4. Remove aniline with acid alcohol, about one minute. 

5. Three hours in 5% phosphotungstic acid. 

6. Wash quickly in water. 

7. Stain 3 to 6 hours in the following: 

Aniline blue 0.5 gram 

Orange G 2.0 grams 

Glacial acetic acid 8.0 c.c. 

Distilled water 100.0 c.c. 

Boil, cool and filler. Dilute one-half with water. 

8. Wash in water. 

9. Differentiate in absolute alcohol, watching under the microscope. 

10. Xylol. 

11. Balsam. 

Nuclei appear orange-red', cytoplasm pink, connective tissue and reticulum blue, 
fibrin red. 

Van Gieson’s Stain. — This is a differential stain for collagen which assumes 
a red color. All other tissues are stained yellow. Best results are obtained with 
material fixed in chromium salts (Zenker’s fluid). The stain is prepared as follows:. 

1 % aqueous solution of acid fuehsin..... 5 c.c. 

Saturated aqueous solution of picric acid.. 100 c.c. 

Solutions must always be tested upon tissues containing collagen. If the collagen 
does not stain a definite red a little more of the acid fuehsin must be added. The 
solution may lose its differential staining qualities if exposed to the light for a 
long period. Therefore it should be tested from time to lime. Sections are stained 
in the following manner: 

1. Stain deeply with alum hematoxylin as in the routine method. 

2. Wash in -water and stain with Van Gieson’s mixture 3-5 minutes. 

3. Dehydrate in 95% alcohol. % 

4 . Clear in oil of oxiganum (pure). 

5. Mount in balsam. 

Unna’s Alkaline Methylene Blue Solution. — Tins solution was recommended 


by Unna for staining plasma cells: 

Methylene blue (90% dye content) 1 gram 

Potassium carbonate (Merck) 1 gram 

Water 100 c.c. 


Its chief value is in the preparation of Unna’s polychrome methylene blue. The 
alkaline solution is permitted to ripen for months when, as the result of oxidation, 
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methyl violet and methyl-red are formed. The fully ripened solution may be 
obtained from Griibier. Dilute 1-10 before staining. 

Terry's Neutralized Polychrome Methylene Blue.— This is a modification 
of Goodpasture’s formula. Three aqueous stock solutions are prepared; 

1. 12% anhydrous potassium carbonate. 

2. 1.0% methylene blue (medicinal — 90% dye content). 

3. 10% (by volume) acetic acid. 

One c.c. of solution 3 is titrated with solution 1 using phcnolphthalein as the 
indicator. The amount of solution 1 required to exactly neutralize 1 c.c. of solu- 
tion 3 at the boiling temperature is introduced into a 100 c.c. cylinder and 
enough of solution 2 is added to bring the final volume to 100 c.c. This mixture 
is then divided into 4 equal parts of 25 c.c. Each part is placed in a one ounce 
bottle and the four bottles in a basin of cold water which is gradually heated 
to boiling. The time of boiling is noted and at the end of 15 minutes one bottle is 
removed, the others at the end of 20, 25, and 30 minutes respectively. They nre 
permitted to cool slowly and to each Is added 0.25 c.c. of solution 3. The solutions 
are now ready for use though they will improve upon standing. Filtration is 
usually not necessary and should not be done for one or two days. If one deter- 
mines by trial which of the four bottles contains the best stain, the next lot may 
be boiled for that length of time which gave the best results. 

VerhoefT’s Elastic Tissue Stain. — Formalin or Zenker’s fixative may be used 
in preparation for this stain but the best results are obtained with the latter. 
Tissues are not to be treated with iodine for the staining solution itself will remove 
the precipitated mercuric salts. The solution must be freshly prepared for it does 
not keep longer than one month; 

Hematoxylin crystals 1 gram 

Absolute alcohol 20 c.c. 

Dissohc by die aid of beat, filter and add in the order given: 

Terric chloride (10% aqueous solution) 8 c.e. 

Lugol's solution (iodine, 2 parts; potassium 

iodide, 4 parts; water, 100 parts) 8 c.c. 

1. Slain sections until perfectly black (15 minutes). 

2. Differentiate in 2% aeneous solution of ferric chloride. This step requires 
but a few seconds. Control it by examining the section with the microscope. If 
carried too far the section may be rcstained. 

3. Wash in water and then in 95% alcohol to remove the iodine. 

4. Wash in water again and stain for 1 minute with eosin. 

5. Dehydrate, clear and mount as in routine method. 

By this method, elastic tissue is stained black but connective tissue, fibroglia, 
myoglia, and neuroglia are stained red by the eosin. 

Best’s Carmine Stain for Glycogen. — Glycogen is quite soluble in water; 
therefore, when it is to be demonstrated, aqueous fixatives cannot be used. Abso- 
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lute alcohol is the best fixative and eelloidin the best infiltrating agent. 01 course 
the sections cannot be placed in water but may be placed in alcohol until stained. 
The staining mixture is prepared as follows: , 

Carmine 2 grams 

Potassium carbonate 1 gram 

Potassium chloride 5 grams 

Water 60 c.c. 

Boil gently for several minutes but do not overheat. Cool the solution and add: 

Ammonium hydrate 20 c.c. 

Tire mixture will keep for several months in tightly stoppered bottles. It should 
be filtered and diluted before using in the following manner: 


Car mine solution 2 c.c. 

Ammonium hydrate 3 c.c. 

Methyl alcohol 3 c.c. 

1. Stain sections deeply with hematoxylin. 


2. Decolorize with acid alcohol if the slain is too diffuse. 

3. Wash quickly but thoroughly in water. 

4. Stain with the diluted carmine solution for 5 minutes. 

5. Differentiate in the following mixture: 


Absolute ethyl alcohol : . 80 c.c. 

Methyl alcohol 40 c.c. 

Water 100 c.c. 


6. Wash in 80%; then in absolute alcohol. 

7. Clear and mount in balsam. 

By this method nuclei are stained blue and glycogen a bright red. 

Amyloid stain. — Fresh or formalin-fixed frozen sections are best suited for 
the demonstration of amyloid. Celloidin sections do not stain with the aniline 
dyes unless the celloidin is removed. 

1. Stain frozen sections in 1% aqueous solution of methyl-violet for 5 minutes. 

2. Wash in 1% aqueous solution of acetic acid. 

3. Wash thoroughly in water to remove the acid. 

4. Mount in glycerin jelly. 

Amyloid is stained red, other tissues are blue violet. 

The stain is not permanent. 

Iodine green may also be used in a 0.3% aqueous solution. Amyloid is stained ' 
a violet red. 

Stain for Fat. — It is obvious that unless the fat is fixed by osmic acid solu- 
tion, it will be dissolved in the dehydrating agents. Therefore where fat is to be 
demonstrated, the tissue must be cut by the freezing method. Formalin fixation may 
be employed. Scarlet R., better called Sudan 4, is the stain of choice. Prepare a 

*0 
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saturated solution in a mixture of equal parts of 70 % ethyl alcolio! and acetone. 
The dye may be added to the solvent in a two ounce bottle until a small excess 
accumulates in the container on standing. After it lias completely settled, pipel a 
small amount of the solution into the stender dish. Care must be taken not to carry 
any of the sediment into the staining jar for it will precipitate upon the section. 
When not in use, the solution must he kept in tightly stoppered bottles for the 
acetone evaporates quickly. 

1. Stain sections for 5 minutes in the saturated solution in a stender di«h. 

2. Transfer with a section lifter to 70% alcohol for on instant. 

3. Wash in water and counter stain in hematoxylin. 

4. Wash in water. 

5. Mount in glycerin jelly. 

These sections are not permanent, though they be kept for months if the cover 
glass is rimmed with asphalt paint. Fat is stained red, nuclei blue. 

Iron Containing Pigments. — Such pigments as hemosiderin may be demon* 
strated in fresh or formalin fixed tissue cut by the freezing method. Tissues may be 
embedded in celloidin. The reagent is prepared as follows: 

Solution A. — 2% aqueous solution of potassium ferrocyanide. 

Solution B. — 1 % aqueous solution of hydrochloric acid. 

These two solutions are preserved separately and mixed when ready for u«e. 
Add 1 part of solution A to 3 parts of solution B. 

1. Stain sections in the mixed reagent for 20-30 minutes. 

2. Wash in distilled water. 

3 The section may now be stained with hematoxylin and eosin. 

4. Wash in distilled water. 

5 Mount in glycerin. 

METHOD OF SILVER IMPREGNATION TOR GENERAL 
LABORATORY PURPOSES 

A silver impregnating technic that is applicable to formalin or Zenker fixed 
tissues, that will reveal the finer fibrils as well as the other elements of a tissue, 
particularly tumors, is of great value to the histologist. The method given below 
was designed particularly to demonstrate the fibrils of tumors of the melanoma 
group (Foot ond Foot). In making use of this slain the table should he consulted 
and that variant selected which will give the desired results. If one desires a 
selective 6tain of reticulum, one of the first three variants should be employed; the 
last three are unsatisfactory for they impregnate collagen and reticulum exactly 
alike, magenta or reddish. According to Foot and Foot, the second and fifth are the 
best for general use. The fourth or the sixth give less intense impregnations than 
the fifth. Tor delicate effects, with little disturbance of the cytoplasmic background, 
the first variant should be chosen; the fourth if more cytoplasmic detail, color 
variety and plasticity are desired. Those variants employing the tannic acid 
mordant will give more colorful pictures than those where it is omitted. Variant 5 



Color Variations in Tissues Stained with Silver by 6 Variants 
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demonstrates muscle stiiations well. Variant 2 reveals beautifully the reticulum of 
the liver sinusoids, lymphatic reticulum and muscle sheaths. 

The methods do not impregnate either brain or spinal cord with sufficient con- 
trast. 

Fixation. — The best fixative is neutral lO^r formalin in which blocks cut 
thin enough to insure complete penetration of the fluid should remain 21 hours 
at least; longer if possible. If Bouin’s fluid is u«cd, the results are comparable to 
those obtained in the Laidlaw-Bouin method; the nuclei will be unirnpregnated, the 
cytoplasm impregnated in the case of epithelial cells, and mesoblaslic cells will 
be unstained. The resulting pictures are more colorful than those obtained by the 
La id law procedure. 

The method gives \ery good results if Zenker-fixed tissues are used. They should 
he fixed for 21 hours and washed in running water for another 21 hours. After em- 
bedding and sectioning, the mercuric chloride should be removed from the sections 
with the usual alcoholic iodine solution, and this in turn removed with very weak 
( 1 c /o or less) aqueous sodium thiosulphate. This must then be wa«hed out thor- 
oughly. The oxidation-reduction steps, in which the potassium permanganate and 
oxalic acid are used, should he omitted as they produce effects similar to Bouin’s 
fixation. The presence of chromium salts makes no material difference in the 
subsequent impregnation, except to enhance the impregnation of nervous tissue. 
On the whole, formalin fixation gives more colorful results and is, on this account, 
to be preferred. This does not, however, imply that Zenker’s fixation is to be 
eschewed — quite the contrary ; it gives very striking pictures in all instances and 
is well suited to the method. 

Embedding. — The ordinary routine method of paTaifin embedding is used alter 
dehydration of the tissue in ascending percentages of alcohol and chloroform. 

Preliminary Treatment. — This is essential in the case of all the variants. 
'Hie sections are de-paraffmized in two changes of xylol and absolute alcohol and 
are then treated from 1 to 24 hours with a mixture of 2 parts pure pyridin to one 
part of pure glycerol. This bath keeps well and may be> used repeatedly for many 
weeks. The sections are transferred directly from this to 2 changes of 95 < /o alcohol, 
washed in tap water and placed in distilled water. 

Impregnating Fluid. — This is a simple silver diamino hydroxide solution. It 
is used in all the variants, at full concentration in the first three, at half strength 
in. the last three. To 10 ex. of L2% silver nitrate solution in distilled water, 
strong ammonia is added dropwise until the resulting brown precipitate is just 
dissolved; 10 c.c. of 3.2 per cent pure sodium hydroxide solution in distilled water 
Is added and the reprecipitated silver hydroxide again just dissolved by the addi- 
tion of a few more drops of ammonia. The solution is then made up to a 100 c.c. 
with distilled water that has been heated to about 50” C. Sections are impregnated 
in this in a closed staining box in the incubator at 37° C., or the paraffin oven at 
55” C. for 1 hour in case of variants 1, 2, and 3, and lor 10 minutes in half- 
strength solution (5 c.c. silver nitrate, 5 c.c. sodium hydroxide) in that of the 
other three variants. 
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Silver diamino carbonate may be used interchangeably with, and in the place 
of, the hydroxide; it often gives superior results, particularly in those variants in 
which the tannate mordant is used. It is made up at full strength in all cases; to 
10 c.c. of 10 . 2 % silver nitrate add strong ammonia drop by drop until the 
precipitate is dissolved. Then add 10 c.c. of 3.1% sodium carbonate in distilled 
water, instead of the hydroxide. There is no reprecipilation upon adding the car- 
bonate, as the hydrogen ion concentration remains unchanged, and further am- 
monia is therefore unnecessary. The solution is used in exactly the same manner 
as the hydroxide. 

Reducing Fluid. — The developer is a mixture of 1 c.c. of strong neutral form- 
alin ( 40 % formaldehyde) ; 1 % sodium carbonate in distilled water 3 c.c., and 
distilled water to make 100 c.c. Three minutes completes the reduction. 

Toning and Fixing. — The toning bath is a 1:500 solution of Merck’s “acid 
brown” gold chloride in distilled water. The fixing fluid is the usual 5 per cent 
aqueous solution of sodium thiosulphate (“hypo”). 

Variant 1. — The sections are taken from distilled water, impregnated for 1 hour 
in the impregnating fluid, washed in 2 changes of distilled water and reduced in the 
developer for 3 minutes or so. They are then washed in tap water and toned for 
3 or more minutes in the gold bath, washed and fixed in “hypo” solution for 3 or 
more minutes, after which they are washed, dehydrated in ascending percentages of 
alcohol, cleared in xylol and mounted in Canada balsam. 

Variant 2, — This is similar to the preceding formula, except that the Laidlaw 
oxalic acid ( 5 %) bath is intercalated between the toning and fixing baths, and 
the fact that toning, redevelopment and fixing are all lengthened to 10 minutes 
each, to correspond with Laidlaw’s directions. 

Variant 3. — In the variant, formalin-soda replaces the oxalic acid procedure 
of its predecessor. It is made up exactly as before (formulin 1 c.c., 1 per cent 
sodium carbonate 3 c.c., distilled water to 100 c.c.). Used developer should not 
be employed: it should be made up freshly eacli time. The tieatment with gold, 
formalin and “hypo” solution is the same as in variant 2. (Instead of soda- 
formalin solution, a solution of 0.5% oxalic acid in 5% neutral formalin has been 
found to give better results and avoids the danger of precipitates.) 

Variant 4 . — In the following three variants a tannic acid mordant is used made 
up as follows: puie tannic acid 0.2 gram; ammonium bromide 3.5 grams; strong 
neutral formalin 5 c.c.; distilled water to make 500 c.c. 

The sections are mordanted for 15 minutes in the tannic acid bath heated to 50° 
C. in the incubator or paraffin oven. They are then treated for to 1 minute with 
100 c.c. of distilled water to which has been added 3 to 5 drops of strong 
ammonia. This is the “stop” solution. They are then washed for about two min- 
utes in distilled water. The impregnation with silver is complete at the end of 
15 minutes instead of 1 hour, as in the preceding variants. After impregnation the 
sections are washed in distilled water, developed, toned and fixed as in variant 1. 

Variant 5. — Proceeding as in variant 4, the method changes as soon as the 
toning bath is reached, to correspond with variant 2, lengthening the time to 10 
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minutes and using the oxalic acid-gold developed in exactly the same manner. 

Variant 6. — This resembles variant 5 in every particular except one, formalin- 
soda developer icplaces tbc oxalic acid ball), as in variant 3. 

The formalin-oxalic acid intcnsifier may be used here, as in variant 3. 

Summary of Steps in the Variant. — 1. Neutral formalin or Zenker’s fixation. 

2. Paraffin embedding. 

3. Pyridin-glj cerol pretreatment for 1 to 24 hours. 

4. In variants 4, 5, and 6; tannic acid mordant for 15 minutes followed by 
“stop” solution of ammonia for 30 seconds. 

5. (a) Variants 1, 2 and 3; impregnation in warm silver diamino hydroxide 
for 1 hour. 

(6) Variants 4, 5 and 6; impregnation in this bath at half-strength for 10 
minutes. 

6. Reduction of silver in formalin-soda developer for 3 minutes. 

7. Toning in 1:500 gold chloride in variants l and 4 for 3 minutes; other 
variants for 10 minutes. 

8. Reduction of gold in variants 2 and 5 with 5 % oxalic acid; variants 3 and 6 
■with formalin-soda; in either case for 10 minutes. 

9. Fixing in 5% thiosulphate in variants 1 and 4 for 3 minutes; other variants 
for 10 minutes. 

Note: Thorough washes are indicated between all steps, distilled water being 
required until the sections have been reduced in step 6; after that, tap water is 
employed throughout. 

METHODS TOE THE PREPARATION' or SECTIONS OP BONE 

Formerly bone studies were made upon extremely thin disks prepared by grind- 
ing. The same methods were applied to the study of teeth. The information gained 
by the study of such sections is of value chiefly to the student of normal histology 
rather than the pathologist. Morrell has described an especially bard knife capable 
of cutting fresh untreated bone in section 6-12 microns thick. With a technic so 
simple, as compared with the tedious and time consuming methods of grinding, 
perhaps more will be learned concerning the microscopic structure of bones in 
health and in disease. The present methods (Jaffe) deal chiefly with decalcified 
bone. There are a number of decalcifying agents none of which are entirely satis- 
factory because they cause swelling of cells or prevent subsequent differential 
staining. 

Neutral formalin in a 10^> aqueous solution is the best fixative, for swelling is 
less after its use than after any other fixative. Either before or after fixation the 
bone should be cut into slices not more than 2 or 3 millimeters thick. A thin fine 
hack saw blade or better still, a jeweler’s saw will serve satisfactorily for small 
pieces but for large pieces a band saw is best. The decalcifying agent must be used 
in large volumes. It must be frequently agitated and changed several times during 
the process. It is best to decalcify in the incubator (37° C.). Decalcification must 
not be prolonged; its progress may be determined by sticking a fine needle into 
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the specimen, never by bending it. The tissue must be promptly removed and thor- 
oughly rid of the decalcify ing agent when the action is complete. 

Decalcifying Agents. — Zenker’s fluid because of its acetic acid content null 
remove small amounts of calcium during the process of fixation but it has little 
effect upon bone fragments. Sodium citrate in 20% solution has been recom- 
mended for many have noticed that calcareous specimens preserved in fluids con- 
taining sodium citiate become soft. Muller’s fluid, like Zenker’s, will decalcify if 
the tissue is not too dense. It is fiequently used for fetal bone. It requiies weeks 
to accomplish this pui pose and fibrillar staining may be impossible after such 
prolonged action of bichromate. 

Nitric Acid. — A 5% solution of this acid seems to be the choice of most 
pathologists. It is peihaps the least harmful of all decalcifying agents if used 
properly^ A Short exposure to an acid of this strength is less harmful than pro- 
longed exposure to a weaker solution. The aqueous solution is more effective than 
the alcoltolic. Small bubbles of gas collect about the tissue and retard the action 
of the acid unless the container is frequently shaken or placed in a mechanical 
shaker. If the bone is of the compact variety, the acid solution must be changed 
several times. Decalcification should be complete within 18 to 24 hours. A longer 
exposure to the acid will surely impair the staining qualities. After the action of , 
the acid is complete, transfer the tissue to a 5% solution of sodium sulphate for 
24 hours. During this period the sulphate solution must be frequently changed 
until it no longer becomes acid to litmus but remains neutral. Wash the tissue in 
running water for twenty-four hours after which it may be dehydrated and em- 
bedded. 

Some prefer to add to the acid solution some substance that will counteract the 
swelling effect. Phloroglucin is recommended by Mallory. The solution is pre- 
pared as follows: 

Phloroglucin . ] gram 

Nitric acid 10 c.c. 

The solution should be made in a 500 c.c. or liter flask for considerable heal 
is generated, and if a smaller vessel such as a cylinder or small flask is used the 
mixture will be expelled by the gaseous vapors generated. Always keep the mouth 
of the flask pointed in such a direction that ij the fluid is ejected it will do no 
harm. After solution is complete and the fluid has cooled slightly it may he diluted 
with 100 c.c. of 10% nitric acid. The resulting solution is about 20% nitric acid. 

If a weaker solution is desired, use less acid in preparation but do not dilute the 
final mixture for phloroglucin is not effective in protecting the tissue in less than 
1% solution. 

Hydrochloric Acid. — Hydrochloric acid is used in 5% solution in 10% sodium 
chloride. After decalcification tire tissue should be placed in 10% sodium chloride 
to which small amounts of lithium carbonate are added until the solution becomes 
neutral. After 48 hours in salt solution the tissue is washed in running w’ater for 
24 hours. This is tire best method for the preservation of fibrillar structure. 
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Formic Acid. — In mixture with sodium citrate this acid lias teen recommended 
but in the hands of the author it lias not been as satisfactory as nitric acid, and 
it is much more costly, 

Waggoner’s Solution. — This method is usually satisfactory for large or dense 
sections of bone. The specimen may be left in the solution for one to two months 
with no damage to the staining properties of the nuclei. 

Fixation may be in either 10% formalin or Helly’s solution but acetic-Zenker 
solution should not be u«cd. 

After fixation, the specimen should be washed free of the odor of formalin or 
over night in running water if Hclly’s solution has been used. 

Waggoner’s solution (which keeps for several months) is prepared as follows 
using Merck’s 85% to 90% C.P. formic acid with a specific gravity of 1.2 and a 
molecular weight of 46.02: 


Formic acid (85% to 90%) 50 c.c. 

Distilled water 35 c.c. 

Mix and add to following solution: 

Sodium citrate (Merck CP.) 17 gras. 

Warm distilled water 85 c.c. 


When the bone has been decalcified, wash in tap water to remove the odor of 
formic acid, embed by the paraffin or celloidin methods, remove the mercuric 
precipitate if fixation lias been in Hell)’s fluid and stain as desired. 

Dehydration, Embedding and Staining . — After thorough washing in running 
water for 21 hours, the tissue is ready for dehydration. Decalcified bone may be 
embedded in paraffin or celloidin. Celloidin is the better agent, because paraffin 
embedded bone acquires considerable hardness. The first 6 or 8 sections cut should 
be discarded, because the surface of the block of tissue is certain to have been 
lacerated by the saw or fragments of bone dii«t. Decalcified bone is not easily 
stained. One may employ a strong Dclafield’s hematoxylin and slightly overstain 
and then permit the sections to stand in water overnight. The Hansen Bock technic 
yields a sharp differential stain. The following solutions are required: 


1. Hematoxylin 1 gram 

Absolute alcohol 10 c.c. 

II. Potassium alum 20 grams 

Distilled water 200 c.c. 

III. Potassium permanganate 1 gram 

Distilled water 16 c.c. 

IV. Glycerin C.P 50 c.c. 

Glacial acetic acid 50 c.c. 

V. Eosin Y 4 grams 

95% alcohol 1000 c.c. 
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. (g) -Mix solutions I and II and then add 3 c,c. of solution III. Boil for one . ! 

minute;, filter when cool. This stain mu^t be freshly, prepared each time it is to be 
- - .used. Stain unmounted, celloidin sections in this mixture for 2-18 hours. (Paraffin 



Fic. 375.— The Method or Expressing Marrow from a Rib 


The rib is thoroughly cleaned of fascia, and then, hand-over-hand, two pair of pliers .squeeze 
the' marrow from one end of the rib to the other. It emerges as stiown in photograph, in thick 
drops, -which are permitted to fall directly into, the fixing' solution. (Suggested by Dr. Max 
Lederer, Brooklyn Jewish Hospital.) • 


sections may he washed in xylol to remove; the paraffin and then washed- with 
alcohol arid water, after which they may be handled as frozen sections and stained 
as above.) ' ‘ ■ \ ' • . /- 

(b) Differentiate the' stained sections -in , solution. IV. Differentiation , may he. ' 5 \ 
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controlled by frequently floating the section on a slide and examining it with the 
microscope. As soon as a satisfactory result is obtained, the section should ln- 
plunged into water and washed for 1 hour. Differentiation usually requires from 
5 to 20 minutes. 

(c) Counter stain in solution V for 5 minutes. 

(d) Deh>drate as in the routine methods, and mount in balsam. 

PREPARATION AND STAINING OF RONE MARROW SECTIONS 

In the preparation of bone marrow it is important to avoid dense hone that will 
require dccalcification. When bone marrow biopsies are studied, it is well to 



Fig 376. — Normal Sternai Bone Marrow (young adult ) 

Alxtul 60% cellular, the remainder tat; myelocyte crythrobli't ratio (Tom 2.1 to 6:1. A 
focus of eryfbrnpmcsis is seen in the center, nearly all cells being of the late erythrobla^t 
and normoblast stages. Tbr background of large, pale cells are myelocytes, metamyelocytes and 
a few scattered reticulum cells. 


divide the specimen into two parts. The first, the button of the bony cortex which 
mutt be decalcified, and the second the soft marrow portion which at the most con- 
tains a few spicules and does not require a special decalcifying agent. Both pieces 
may be fixed in Helly's fluid. The bony button must be decalcified but the soft 
marrow may be washed, dehydrated and embedded in paraffin. Rib watrowr may 
be squeezed from the rib os in figure 375. Two pair of pliers forked hand 
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. ..over hand Ironi one end of the rib to the other will force out sufficient niarrow 
: ;. for study. The droplets may be received directly into Helly’s fluid. Sections of 
■" vertebrae may be decalcified in Muller’s fluid if time is not a factor^ When speed 
is' necessary, frozen sections may be made of the fixed spongy portion provided 
.the tissue be impregnated with 12 to 15% glycerin gelatin.. This requires about 5 
hours at 37° C. The gelatin is allowed to cool and harden and then a block 
may! be cut out carrying the tissue with it. Further hardening may be accomplished 



Fig. 377.— Pernicious Anemia (Relapse) (sternal’ biopsy) 

Marrow is solidly cellular and composed of a disorderly mass of megaloblasts, later forms 
of the red cell series being sparse and imperfect. The inyeloerythroid ratio is reversed'. 


by soaking in 10% formalin. The block should be trimmed and well washed for 
at least an hour before staining. - 

Sections may be stained by the routine hematoxylin and eosin technic or by the 
methylene blue phloxine technic of Mallory. According to Schmorl tire Ellerman 
modification of the May*Griinwald technic is the stain of choice. The method is 
carried out as follows: 

1. Fixation in Helly’s fluid containing 10% of formalin. The tissue should be 
obtained promptly after death. 

2. Wash in running water 24 hours. 

3. Dehydrate, clear and embed in paraffin, cut sections 5 microns thick, 

4. After fixation on a slide and removal of paraffin, wash in water and remove 
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the excess water with absorbent paper. Then place in the following mixture for 
15 minutes: 


Cosin 1 % aqueous solution 5 c.c. 

Neutral formalin 0.25 c.c. 


5. Wash in warm (45° C.) distilled water. 

6 . Stain in Maj-Grunwald solution (Grubler) diluted with equal amounts of 
water for 30 minutes. 

7. Wash 5-10 minutes in distilled water., Blot dry with absorbent paper. 



pic. 378 . — Idiopathic Hypochromic Anemia (sternal biopsy) 


Marrow is totally cellular snil erylhropoirsi* is extremely active; red cell formation Is of llie 
normoblastic type alilwugh iliere is a scattering of mcgaloblasts present. Hemoglobin content 
of the later nucleated red forms is exceedingly sparse, normoblast* often appearing as naked 
nuclei with a colorless halo. 


8, Differentiate in 100% alcohol 2 l minutes hv dropping the alcohol upon 
the preparation until no more color comes away and the section assumes a red 
tone. 

9. Clear in x>Iol and mount in balsam. 

Nuclear structure of the cells of the hematopoetic system and especially the 
neutrophils are well stained by this method. (Figs. 376, 377, 378 and 379.) 
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: - . CUSTER'S MODIFICATION OF AZTJRE XL-EOSIN JIETHOD ’’ ■ 

</.- / ;• for bone marrow* v /- ■ ; - ; v,- - ..yi 

This method if carefully followed yields very satisfactory sections. The various 
cells reveal a most striking differential stain. Experience and praclic’e are required v - 
and the slightest variation in technic may result in failure. . , ; 

1. Fix the biopsy 1 material in fonnol-Zenker (Helly’s) solution. 



-Fic. 379.— HEMoiiRTTAGtc AxEMiAdstemal' biopsy) 


Celliilarity.is increased over the normal for tlie" age, the majority of , cells belonging to the 
erythropoietic series and; found in the- later stages of - maturation. - The three large cells- are 
megakaryocytes. « - 

2. Wash gently in running water for one hour. •- . 

3. Decalcify in Waggoner’s formic-citrate mixture over night if necessary (until 

the bony button is soft : to, the prick of a needle). 

4. Wash gently, in running water for one Hour. ' 

5. Dehydrate in ascending strengths of alcohol. 

6. Clear in chloroform. . . , ■ .. - 

7. Infiltrate through, chloroform and paraffin and embed in. paraffin. 

8. Cut sections 3-4 microns thick and. mount on slides in the usual manner. 

9. The sections are carried through xylol, absolute. and 95% alcohol as in the 
routine technic. The precipitated mercury is removed, from the sections, By im- 

: 1 Courtesy of 'Miss D. Broun, Philadelphia Gen. -Hosp. , ; 
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Cytoplasmic stain. — 1. The stain is prepared as follows: 


Ponceau dexylidine (Krall; Eimer and Amend) 1 gtn. 

Glacial acetic acid 1 cx. 

Distilled water 100 cx. 


2. After washing in the water the sections are stained in this solution for 5 
minutes, rinsed with distilled water, immersed in a YJo aqueous solution of 
phosphomolybdic acid solution for 5 minutes and thoroughly washed in distilled 
water. 

3. A wider range of red colors may he obtained'varjing from vermillion to 
ruby if two parts of the above ponceau solution are mixed with 1 part of the 


following; 

Acid fuchsin 1 gm. 

Acetic acid glacial I c.c. 

Distilled water 100 cx. 


The procedure as outlined above is followed. 

4. If either of the above stains are diluted with 10 volumes of Ift acetic acid 
and the staining time lengthened to 1 hour, greater delicacy and precision of 
staining will result. 

Connective Tissue Stain. — 1. After washing in distilled water, immerse the slide 


in the following stain; 

Light gfeen (Krall; Eimer and Amend) 2 gms. 

Glacial acetic acid 1 c.c. 

Distilled water 100 cx. 

Add the dye to the acid water. 


2. Stain for 5 minutes. The Tapidity of staining varies with different samples 
of green. 

3. Wash the preparation with aqueous solution acetic acid for 2 minutes; 
dehydrate; clear in xylol and mount in balsam. 

Nuclei will appear blue black; cytoplasm various shades of red; mucus and 
collagen green. 

The technician is advised to consult Masson’s original article for other stair? 
combinations. 

CYTOLOGIC STUDY OF VARIOUS BODY FLUIDS WITH ESPECIAL 
REFERENCE TO TUMOR CELLS 

Frequently pleural, peritoneal, spinal and other fluids are sent to the laboratory 
with the request that they be examined for tumor cells. It is the custom of many to 
attempt to stain smears of sediment with methylene blue or some other stain. The 
results are so unsatisfactory that even if recognizable tumor cells ore present, they 
would not be revealed by this method unless they were present in large clumps. 
The author conceived the idea of concentrating the cell content first by centri- 
fuging 30 cx. or more of the fluid if available. The supernatant fluid is poured 
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'. off with the exception of the- last-1 or 2'c.c. Ten c;cV of Helly’s. fluid is added^ 
.and the tube with its . contents , again centrifuged. , The whole . is allowed to stand 
for 2 to 8 hours ' when the . sediment may be dislodged as a solid button] washed . 
in water arid carried . through the usual technic of paraffin . embedding: If there 
is abundant sediment a large round bottom tube may be used which will produce ! 

. a broad disk of solidified sediment. If the sediment is scant a regular . centrifuge, 
tube should be employed. 

A similar procedure may be used when splenic puncture or sternal * puncture 
yields only a bloody fluid. Needle biopsies of tumors likewise may yield fragments 
too tiny to be handled individually. - Where . • 

salt solution washings carry the - cells to. be . 7| 

studied or whenever the fluid is known to be i 

■ poor in proteins,- it is well to pour off all. the 

.. supernatant fluids after the first centrifuging [/•->< •' 

'.and to add 1 to 2 c.c. of clear serum before t&>l fet 

adding the Helly’s fluid, f - l 

. By this method, not only are the cells con- j pT' . 

; cerilrated, but they are seen as one custom- | K.f" ' 

‘ arily sees tumor cells. Frequently the cells i.'yj’J j'.y--; , ’ 

obtained in pleural or peritoneal' fluids of i, k‘:-$ 

malignant disease may be found' to compare j^V j. -’J’; • 

amazingly well with the cells of the tumor t'-fy 

.seen in paraffin sections. V. ■■■ v' i j’AjT, . 

-• ‘PREPARATION ; OF -MUSEUM SPECIMENS . fcf-.v fet? 

’ ‘ ‘ ' " : - , ,, -V- . . ''V ■ 

No matter how small an institution or its ?; >vv. V 

-laboratory may be, '-.there' should be an at- : 

tempt made to preserve good pathological Fic..380.— A Heart Property Mounted 
specimens. Good iriuseum technic is acquired . and Heady for the Museum 
only with practice (Figure 380).. The main Note the position of the glass frame 

object is to mount a specimeri iri such a man- ' and its feet one at the top and two at 

ner that all of its features may be apparent. fra . rae - n the center of thc - jar : NotCf . 

Specimens in jars should show .the. original tlie position, of the linen threads ’which 

. color and surface texture. Consistency cannot support the specimen. They are efficient 
. j vfi r . yet not unsightly. Note also the position 

always.be preserved. Tlie various fixing * f t]lc ]abe] . (F rom Gradwohl, Clinical 

agents- harden the tissue.- Soft tissues, that Laboratory Methods' and . Diagnosis, 
are . frequently handled, .soon fall to' pieces; : C. V. Mosby and Co., St. .Louis, Mo.) - 
so while it' is well to keep the. more Common: . 

lesions as “wet” specimens in large crocks, the uncommon ones should be mounted , 
in suitable museum. jars. : ... . . - „ 

Selection of Material fop the Pathological ‘Museum . — Representative mate- 
rial is obviously the most desirable for the medical museum is primarily a teach-- , 
ing unit and not a collection of curiosities. Material should be placed in a fixing 
solution as soon after removal from body as possible. Autopsy material must be 


1 - 

f * “ < * V 


Fic..380. — A Heart Property. Mounted 
and Ready for th e MusEy m 

.Note the ; position of the glass frame 
and its feet one at the top and two at 
the bottom which serve to keep the 
frame in the center of the jar. : Note 
tlie position, of the linen threads ’which 
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fixed very shortly alter death. Postmortem changes alter the appearance and con* 
sislency of organs; exposure to air is certain to affect the color. 

Fixation. Thorough fixation by a properly prepared fluid is necessary. Large 
organs like the lung and liver or brain do not fix well. The same is true of huge 
spleens from cases of leukemia or large tumors. It is far better to preserve slices 
of these organs which will show the pathology well. Such specimens cost less to 
prepare and are more easily handled. The basic principles of preparation are 
herein laid down. More detailed accounts may be obtained by consulting the 
Journal of Technical Methods issued by the International Association of Medical 
Museums. 

Kaiserling Method. — This is by far the oldest and most popular method in use 
today. It is also the most tedious. The organ should l>c suspended or laid in 
absorbent cotton in the position in which it will best reveal the lesion. Pieces of 
cotton should be inserted between opposing surfaces that touch so that the fluid 
may easily reach all parts. It must then be covered with an amount of fluid equal 
to about 20 times its volume. Intestine requires about 21 hours for complete 
fixation. Thin organs, such os kidney, if cut through require 4 to 5 days. Spleen, 
liver, or lung may require weeks. It is better to cut slabs of the latter organs, not 
more than 4 eras, thick. Kaiserling fixing solution Is prepared as follows: 


Potassium acetate 170 grams 

Potassium nitrate 90 grams 

Formalin (neutral) 1600 c.c. 

Water 8000 c.c. 


Only the best chemicals should be used. Formalin may he neutralized with 
sodium hydroxide or marble dust. 

Color Restoration . — Alter fixation as outlined above the specimen will appear 
to have lost much of its color. It must be thoroughly washed in running water 
for about 21 hours or until it has lost the odor of the formalin. It is now plated 
in 95% alcohol. The color will gradually return. This step must be carefully 
watched, for after reaching its full intensity the color will fade again. Alcohol 
solutions lose their strength with use. The concentration of alcohol should never 
be permitted to’ fall below 80%. 

Preservation . — Wash the specimen again in running water and then place it in 
preserving fluid prepared as 


Potassium acetate 1815 gms. 

Glycerin 2000 c.c. 

Distilled water 10,000 c.c. 

Carbolic acid (preservative) 20 c.c. 


If the preserving fluid becomes cloudy it is best filtered with fine animal char- 
coal. Add one heaping tablespoonful of charcoal to each 2000 c.c. and filter 
through filter paper in a large (2000 c.c.) funnel. It may be necessary to pour 
the first filtrate back into the funnel. 
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Klotz Method. — This is less complicated and gives excellent results provided 
sufficient fluid is used. Solution 1 must be used in volumes 10 times as great as 
the organs being fixed and the solution must he changed when -it becomes cloudy. 
Solution I for fixation is prepared as follows: . 


Carlsbad salts (artificial) 1750 gms. 

Chloral hydrate 1750 gms. 

I'ormalin 1750 c.c. 

Water 35,000 c.c. 


About the same amount of time is required for fixations as with the Kaiseiling 
method. After fixation, wash the specimen in running watei for 24 hours. It is 
then placed in Klotz solution No. 2 prepared as follows: 


Carlsbad salts (artificial) 875 gms. 

Chloi al hydrate 350 gms. 

Formalin .. 175 c.c. 

Water 35.000 c.c. 


This is the final preserving solution. After several days or weeks, the specimen 
should be placed in fresh clear preservative and sealed in a suitable jar. 

The formula of Klotz and MacLachlan for making artificial Carlsbad salts is 


as follows — 

Sodium Sulphate 22- grams 

Sodium Bicarbonate 20 grams 

Sodium Chloride 18 grams 

Potassium Nitrate 38 grams 

Potassium Sulphate 2 grams 


Selection of Jars. — The square type jar is obtainable in many sizes. The 
cheaper domestic jars frequently show irregularities in the refraction of light 
giving a wavy effect. These jars should be rejected. Carefully selected domestic 
jars planed and polished on one surface are as satisfactory as the more expensive 
imported jars. Four sizes should be available. One that will conveniently hold a 
large heart (14 X 12 X 9 cms.) ; a kidney jar (17 X 12 X 5 cms.') ; intestine jar 
(32 X 9 X 5 cms.) and a small specimen jar (16 X 10 X 5 cms.). 

Glass frame should be made to fit each jar snugly. For the jars listed above 
glass rods about 6 to 7 mm. diameter make the best flames. Soft glass is the 
more easily handled and just as serviceable as bard glass. The inside meas- 
urement of the jar should be carefully laid out as a rectangle on a sheet of 
asbestos. The rod should be marked with a wax pencil at the points where it is 
to be bent. Heat the glass with a blow torch at the first mark until it is red hot 
and soft. It may then be placed upon the asbestos and bent along the lines drawn. 
Each angle is bent until the rectangle is completed. Feet or cross bars must be 
fused on the frame so that it will remain in the desired position in the jar. 
These must be so placed that they support no weight but only prevent lateral 
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motion of tlie frame. The entire frame must fit snugly within the jar. After the 
frame is completed it is well to heat n corner to red heat so that the frame may 
accommodate itself for the contraction which accompanies cooling. 

Specimen should lie fastened to frames with white linen thread. The thread 
must pass through fibrous connective ti««uc, as that which surrounds blood ves- 
sels, lest it pull or cut through. Small celluloid buttons may be used to prevent 
cutting by thread. One must always suspend the specimen with care and thought 
so that the lesion shows to the best advantage while the organ is seen in a natural 
anatomic position. 

Labels must be attached to every specimen before mounting. The most satis- 
factory label is made by marking identification numbers upon linen taj>e with 
waterproof ink. The tape is then soaked in hot melted paraffin for 10 to 15 min- 
utes. Such a label will last indefinitely. 

After the specimen has been placed in the jar, it may be covered with the 
preserving fluid and then allowed to stand for several days, covered but not sealed. 
Air bubbles are certain to collect on the specimen or upon the sides of the jar. 
These may be dislodged with a small brush. The jar may now be sealed with 
asphalt cement. Trinidad lake asphalt has seemed the most satisfactory according 
to Muir and Judah. The cement must be heated on a sand hath until it has a 
liquid consistency. The cover of the jar should be pierced by a small hole to 
permit final filling of the jar with fluid. The cover is heated in an oven until 
quite hot. The glass surfaces must be free of grease. Heat the top of the jar 
gently and then cover the edges with cement. Heat the cement on the jar edges 
and then place the cover in position and press it down firmly. While the cement 
is hot scrape off the excess. Allow the cement to harden and then fill the jar 
through the small hole in the cover. This hole may lie plugged with n piece of 
cork or with sealing wax. 

The specimen may now be completed with a suitable descriptive label which 
will indicate clinical and laboratory reference numbers, the source of the material, 
a short history of the case, microscopic findings and final diagnosis. 
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APPENDIX 

DONATH-LANDSTEINER TEST FOR PAROXYSMAL 
HEMOGLOBINURIA (MacKenzie’s Modification) 

Principle. — In paroxysmal hemoglobinuria there is present in the blood a 
thermolabile autohemolysin which is responsible for the destruction of sufficient 
erythrocytes to cause the symptoms characteristic of this disease. 

Procedure. — 1. Obtain blood by venous puncture. Add a small portion to 30 
volumes of 0.85% saline solution. The remainder is placed in a dry tube and 
allowed to clot. The syringe, tubes and saline solution should be warm and the 
blood kept warm during the preparation of the serum and cell suspension. 

2. Wash the cells three times in warm 0.85% saline solution and prepare a 5% 
suspension. 

3. Centrifuge the clotted blood and remove the serum as soon as possible after 
clotting. 

4. Obtain blood in the same manner from a normal individual of the same 
blood group as the patient (control) and prepare serum and a 5% suspension of 
erythrocytes in the same manner. 

5. Prepare a 1:10 dilution of fresh guinea pig serum (complement). 

6. Set up the test as follows: 


Tube 

Patient’s 

serum 

Patient’s 
R.B.C. 5% 

Control 

Serum 

Control 
R.B.C. 5% 

Comp. j 
1 :10 

Saline 

0.85% 


1 


0.1 c.c. 


i 

........ 

0.1 c.c. 

0.05 c.c. 

Immerse in 

2 





0.1 c.c. 

0.05 c.c. 

ice water 

3 

0.25 c.c. 




0.1 c.c. 

0.05 c.c. 

— 10 rain. 

4 





0.1 c.c. 

0 05 c.c. 


5 

■■■■■ 

0.1 c.c. 



0.1 c.c. 

0 3 c.c. 

at 37° C. 

6 




0.1 c.c. 

0.1 c.c. 





mmmmm 





7. Set up duplicate test in exactly the same manner except that chilling in ice 
water is omitted. 

8. A positive reaction is indicated by hemolysis in tubes 1 and 3 of the first set 
chilled in ice water for ] 0 minutes followed by water bath at 37° C. for 30 min- 
utes. There should be no hemolysis in the second or unchilled set. 


METHOD FOR QUANTITATIVE DETERMINATION 
OF PROTHROMBIN (Quick) 

Principle. — The coagulation time of blood or plasma can be employed as a 
measure of the prothrombin concentration, if the other factors in the clotting 
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process are made constant. The coagulation mechanism is concisely presented in 
the form of two equations: 

Prothrombin -f thromboplastin -j- calcium — thrombin. 

. Fibrinogen -j- thrombin = fibrin. 

Since the clotting time is proportional to the concentration of thrombin, one can 
assume that it is also proportional to the concentration of prothrombin provided 
thromboplastin, calcium and fibrinogen are made constant, for under these condi- 
tions the amount of thrombin formed is dependent upon the concentration of 
prothrombin present in the Wood. The method consists essentially in adding 
to oxalated plasma, an excess of thromboplastin and then recalcifying with a 
fixed quantity of calcium chloride. The coagulation time is a direct measure of 
the concentration of prothrombin and can be evaluated by referring to a chart 
which was made by plotting the clotting time for known concentrations of pro- 
thrombin. 



Concentration of Prothrombin in Plasma (Human) 

The relationship of the clotting time of recalcificd plasma (with excess thromboplastin) to 
the concentration of prolhromlun. 

Reagents. — 1. 0.10 M of sodium oxalate. Dissolve 1.34 gram of C.P. anhydrous 
sodium oxalate in 100 c.c. of distilled water. 

2. 0.025 M of calcium chloride. Dissolve 1.11 gram of C.P. anhydrous calcium 
chloride in 400 c.c. of distilled water. 

3. Thromboplastin. About 0 3 gram of dehydrated rabbit brain is thoroughly 
mixed with 5 c.c. of a freshly prepared physiological sodium chloride solution and 
incubated at 50° C. for 10 to 15 minutes. The milky supernatant liquid is used 
which is obtained after the coarse particles have been removed either by verv slow 
centrifugation or by spontaneous sedimentation. 
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The rabbit brain is prepared by completely removing all blood vessels, i.e., 
stripping of the pia, and then macerating the brain in a mortar under ace- 
tone. fey replacing the acetone several times, a non-adhesive granular powder 
is obtained which is dried on a suction filter. The material is then placed 
in small ampules which are evacuated for 3 minutes by means of an oil vacuum 
pump and then sealed. Such a preparation retains its full activity apparently in- 
definitely. 

Procedure. — 1. By venipuncture 4.5 c.c. of blood are drawn and mixed im- 
mediately with 0.5 c.c. of 0.1 M sodium oxalate. Plasma is obtained by centrifuga- 
tion. 

2. Into a test tube immersed in a water bath at 38° C. place 0.1 c.c. of plasma 
and then add 0.1 c.c. of thromboplastin. Allow about 30 seconds for contents of 
tube to come to water bath temperature, then quickly add 0.1 c.c. of 0.025 M 
calcium chloride. The time from the addition of the calcium chloride to .the 
formation of the clot is accurately recorded with a stop watch. With an active 
preparation of thromboplastin, the coagulation time should be 11% to 12% sec- 
onds for normal plasma. By means of the accompanying chart, the prothrombin 
concentration can be readily evaluated. 

METHODS FOR THE EXAMINATION OF SEMEN 

Principle. — The purpose of the examination of semen is to determine whether, 
in cases of sterility, the cause is due to quantitative or qualitative changes in the 
spermatozoa. 

Collection of Semen. — 1. A rubber condom is thoroughly washed under run- 
ning water and dried before use. 

2. After ejaculation the semen is transferred immediately from the condom 
to a clean glass container such as sputum bottle or test tube. This facilitates trans- 
portation and prevents any deleterious effect of the rubber on spermatozoa, which 
is particularly the case when the condom contains spermicidal substances. The 
container should be tightly closed with a cork stopper and labeled with name, 
date and hour of emission. 

3. The specimen should be delivered to the examiner as quickly as possible. 
Precautions to keep the sample at 37° C. are unnecessary and may even prove 
harmful if patients, told to keep the specimen w'arm in a thermos bottle, do not 
measure the exact temperature. Furthermore, motility lasts longer at lower tem- 
perature, allowing more time for transportation. 

Macroscopic Examination. — 1. Measure the volume of semen in a small grad- 
uated cylinder. The amount varies between a few drops up to 10 c.c. There is quite 
a variation in amount in different samples from one donor, depending on the 
period of corrtinence preceding the examination. The average lies between 3 and 
4 c.c. Samples amounting to less than 1.5 c.c. are considered below normal, though 
sterility could not be ascribed to this fact alone unless other deficiencies are recog- 
nized in the same specimen. 
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2. Note the viscosity of the sample. Freshly ejaculated semen acquires a high 
degree of viscosity hut self-liquifaction takes place and should he completed after 
30 minutes. The absence of liquifaction may inhibit the movement of spermatozoa 
thereby interfering with fertilization. 

3. The determination of the pH is of little value. It is always found to be on 
the alkaline side with a range from 7.2 to 8.9, the average being 7.8. Abnormalities 
never are accompanied by a fall below 7.2. 

Motility of Spermatozoa. — 1. Place a drop of semen on a slide and cover 
with a cover glass or prepare a hanging drop. Examine with low and high dry 
objectives. The following should be noted: 

Azoospermia: absence of spermatozoa (this should be confirmed after centri- 
fugation of specimen). 

OUgozoospermia: only a few motile spermatozoa found. 

Necrozoospermia: spermatozoa are present but immobile. 

Observe also the presence of cells other than spermatozoa, i.e., testicular 
cells, epithelial cells, leukocytes or erythrocytes. The presence of crystals should 
also be noted. 

2. If motile spermatozoa are found, note roughly the proportion of motile to 
immobile cells. For this determination the following technic is recommended: a 
disc of back paper is fitted in the eyepiece of the microscope after cutting a small 
slit or square in the middle. This limits the field of vision and thus simplifies the 
counting of the spermatozoa and decreases errors introduced by the constant change 
of the sperm population in the field. Immobile spermatozoa ore counted after the 
motile ones. 

3. Ten to fifteen per cent of immobile spermatozoa are encountered in fertile 
samples. If the motility is very low, repeat the examination after heating the 
sample to 37° C. This frequently restores motility. 

4. A differentiation between “locomotoric” and “stationary” or other grades 
of motility is without great value since spermatozoa are known to stick to inter- 
faces such as the surface of the drop or the cover glass, or they may attach them- 
selves to formed elements such as cells. Furthermore, the viscosity of the sample 

, may influence the motility. There is considerable individual variation in the ability 
of spermatozoa from different specimens to remain motile, which partly depends 
on the temperature at which the sample is kept. At 37° C. all spermatozoa usually 
are immobilized after 8 hours while at 4° C. a number of motile cells may be 
encountered after as many as 4 days or more. To determine the viability of a 
specimen it is, therefore, advantageous to keep it at 4° C. and to determine the 
motility in samples taken after 6, 12 and 24 hours. 

Counting of Spermatozoa. — The number of spermatozoa in a sample of semen 
are counted in the same manner as described for leukocytes except for the diluent. 

1. Mix the specimen thoroughly by very gently shaking or stirring with a glass 
rod. 



THE EXAMINATION OF SEMEN 347 

2. Using a leukocyte counting pipet, draw the semen up to the 0.5 mark and 
the diluent to the mark 11 : 

i 

Diluting Fluid 


Sodium bicarbonate 5 gm. 

Formalin 1 c.c. 

Distilled water „ 100 c.c. 


Note: The bicarbonate in the diluent counteracts mucus and the formalin immobilizes the 
spermatoza. When the specimen is ■very uscous due to an excess of mucus, 1 c.c. of semen 
in 19 c.c. of diluting fluid thus omitting the use of the leukocyte pipet. In case the number 
;of spermatozoa in a sample pro\es to lie tery small, it will be necessary to draw the seminal 
fluid to the mark 1.0 in the leukocyte pipet, or I c.c. is added to 9 c.c. of the diluent. 

3. Fill the chamber of the hemocytometer with the diluted specimen, count and 

calculate as described on page 76 for countinj^leukocytes. The result is expressed 
in the number of spermotozoa per cubic cdhtifiietec. It is therefore necessary to 
multiply the result by 1,000. since leukocytes are^calculated in cells per cubic 
millimeter. ^ * 

4. The normal semen contains an average of 100 to 150 millionjfegpermatozoa 
per cubic centimeter. The lower the count below 60 million the less lik{4ihhod of 
fertility. However, no diagnosis of sterility is justified unless other abnormalities 
are found in the sample. 

Method for Staining - Seminal Smears. — 1- Take a clean slide and prepare 
a thin smear of semen. 

2. Dry in air and fix by heat. 

3. Add 1 per cent chloramine for several minutes to remove excess mucus. 

4. Wash with water followed by 95 per cent alcohol. Dry by blotting on filter 
paper. 

5. Stain for 2 to 5 minutes' with the following: 


Ziehl Neelsen’s carbol fuchsin 2 parts 

Cone, alcoholic sol. of eosin 1 part 

Alcohol 95% 1 part 


6. Wash with water and counterstain with Loefiler's methylene blue for a few 
seconds. 

7. Wash, dry and examine undei oil immersion. 

8. The heads of the spermatozoa show a purplish color while the tail and middle 
piece are red. 

Morphological Examination for Immature and Abnormal Spermatozoa. — 
The purpose of this examination is to discover abnormal forms of spermatozoa and 
to estimate their proportion to normal cells. Cellular constituents other than 
spermatozoa should be noted. Stained smears are employed. 

1. Count the number of spermatozoa in a microscopic field without regard to 
their morphology. 

2. The same field is searched for immature forms of spermatozoa. The different 
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developmental stages may be encountered in pathological semen but are rare in 
fertile specimens, 

3. Examine 100 to 500 spermatozoa for abnormalities referable to the heads 
(winch may be too small or too large, pointed or with ragged edges, show an 
atypical distribution of chromatin, the presence of acidophil vacuoles or double 
heads); the midde pieces (which may be absent, bifurcated, swollen, etc.) and the 
tails (which may be double, curled, rudimentary or absent). 

4. Semen containing up to 20 per cent abnormal spermatozoa is still consid- 
ered fertile. The higher the percentage of abnormal cells nbove this arbitrary 
value, the more doubtful tbe fertility . 

5. Finally, examine for cells other than spermatozoa, i.e., epithelial cells, leuko- 
cytes and erythrocytes. Also crystals may be found in abundance. However, the 
age of the sample lias to be considered since numerous crystals may be formed in 
normal semen upon standing. 

Biometrical Evaluation of Spermatozoa. — This study has the objective of 
measuring the length of the head of a large number of spermatozoa for the estab- 
lishment of a distribution curve. While in fertile cases this curve shows the high 
peak and small base of a “normal” distribution curve it takes on an irregular and 
flatter shape with broader base when infertile cases are examined. It is this irregu- 
larity or flatness of the distribution curve which is significant, and not the average 
head length in the individual samples. This may vary in fertile samples between 
3.8 and 5.4 microns. The method is as follows: 

1. A stained seminal smear is prepared according to the method described. 

2. The side is focused under oil immersion. The magnification should reach at 
least 1500X. The microscope should be fitted with a mechanical stage. 

3. An inclined mirror is fixed to the eyepiece of the microscope to project the 
image onto a screen consisting of a revolving plate of 10-inch diameter. Tbe 
screen is covered with white graph paper in millimeter scale (added enlargement 

3000X total). 

4. The individual spermatozoon is measured by turning the screen in such a 
way that one of the lines of the graph paper parallels the axis of the cell. The 
length of the head can be read off directly from the paper. 

5. Three hundred cells are measured in such a way and after grouping of the 
heads showing approximately equal length, the distribution cuive is plotted, or the 
coefficient of variation is calculated. The coefficient of variation will be greater in 
infertile samples than in fertile samples. 

Detection of Semen on Materials for Medicolegal Purposes. — In medico* 
legal cases seminal stains on materials such as clothing, linen, etc., may be identi- 
fied by demonstrating the presence of spermatozoa, or by microchemical reactions 
such as the Florence test. Hektoen and Rukstinat have reported upon the use of a 
precipitation test using material from such stains as antigen. They showed also 
that the blood group of the donor might be determined. 

Demonstration of Spermatozoa. — 1. A small piece of the soiled material, 
not more than one-half inch in diameter, is placed on a clean slide. It is wetted 
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with a few drops of saline solution and the suiface scraped off with a scalpel. The 
few drops of fluid are then spread over the slide and after drying the film is stained 
according to the method described. 

2. Examine the slide for the presence of spermatozoa and note any abnormal 
forms; these may be helpful in identifying a sample since the semen from a given 
individual may present characteristic abnormalities. 

Microchemical Method ( Florence Test). — In cases where an azoospermia is* 
present, no spermatozoa can be obtained from suspected stains, but a positive 
microchemical test will be a strong suggestion that the stain in question is of 
seminal origin. 

1. Soften the material with water and place upon a slide. 

2. Add a few drops of reagent: 

Reagent 


Iodine 2.54 gm. 

Potassium iodide 1.65 gm. 

Distilled water 30.0 c.c. 


3. Examine at once with the medium power of the microscope. 

4. If the stain is produced by semen there will be found dark brown crystals in 
the form of rhombic platelets which resemble hemin crystals, or of needles, often 
in clusters. 

5. These findings are not absolute proof of the presence of semen as some other , 
substances give the same leaction among which are crushed insects and extracts^’ 
of various organs. The reaction will occur even though the semen is several years?/ 
old. 


METHOD FOR THE DETERMINATION OF UROBILINOGEN; 
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IN THE FECES AND URINE FOR LIVER FUNCTI01&;;|# 

The method of Sparkman for the determination of urobilinogen in the|pecs and 
urine is one of the most promising of the liver function tests now available. 

Principle. — The determination depends on the so-called aldehyde reaction, with 
development of a red color on addition of an acid solution of paradimethylamino- 
benzaldehyde (Ehrlich’s aldehyde reagent) to solutions containing urobilinogen. 
Comparison is made with artificial standards prepared from gold chloride and 
sodium bromide. 

Reagents.— -1. The aldehyde reagent is prepared by adding to 75 c.c. of hydro-’ 
chloric acid an equal amount of distilled water and 10 gm. paradimethylamino- 
benzaldehyde. 

2. 4 per cent solution of gold chloride. 

3. 10 per cent solution of sodium bromide. 

Standards. — 1. Strong standard = 1 vol. sodium bromide, 1 vol. gold chloride, 
made up to 15 vol. with distilled water. Computed filial valye 8.2 mg. urobilinogen 
per 100 c.c. 
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2. Intermediate standard = 1 vol. strong standard diluted with 1 vol. of dis- 
tilled water. Final value equivalent to 2.4 mg. urobilinogen per 100 c.c. 

3. Weak standard — 1 vol. intermediate standard diluted with 1 vol. of distilled 
water. Value equivalent to 0.9 mg. urobilinogen per 100 c.c. 

Procedure for Fecal Urobilinogen. — 1. Transfer 5 gm. of the mixed stool to 
a mortar, emulsify in 100 c.c. distilled water, and transfer to a 250 c.c. Erlenmeycr 
flask. 

2. Dissolve 8 gm. crystalline ferrous sulfate in 40 c.c. of water and mix with 
emulsion. 

3. Add slowly ‘10 c.c. of 10 per cent sodium hydroxide, with rotation of flask. 
Stopper and shake. 

4. Place in water bath for fifteen minutes at 50° C. Cool to room temperature, 
then filter (Whatman No. 2). 

5. Pipet 5 c.c. of filtrate into test tube. Add 5 c.c. distilled water, 0.3 c.c. of five 
times normal HC1, and 1 c.c. Ehrlich’s reagent. Allow five minutes for full de- 
velopment of color. 

6. Compare in colorimeter with nearest standard and calculate as follows: 

( 1 ) Strong standard: 

iteading ' tlnknown ^ ^ = ms ‘ urobilinogen per 100 gm. of stool. 

(2) Intermediate standard: 

RS 

X 185 =r mg. urobilinogen per 100 gm. of stool. 

(3) Weak standard: 

RS 

X 70 — mg. urobilinogen per 100 gm. of stool. 

Procedure for Urinary Urobilinogen. — Single samples should be freshly 
voided. Twenty-four-hour specimens are collected in brown glass bottles contain- 
ing 100 c.c. purified petroleum benzine and 5 gm. anhydrous sodium carbonate. 

1. To a small portion of urine in a flask, add anhydrous calcium chloride in the 
proportion of 50 c.c. of urine to 2 gm. of the salt. Mix well and filter, 

2. Test residue for bile pigment. Pour a few drops of concentrated nitric acid 
down side of filter. A colored zone consisting of a central pink area with a green 
periphery indicates the presence of bilirubin. 

3. To 10 c.c. of filtrate add 1 c.c. of Ehrlich’s reagent and invert several times. 
Allow five minutes for full development of color. 

4. Match sample promptly in colorimeter. If concentration is Unusually high, 
tepeat procedure after suitable dilution of the specimen and calculate as follows: 

(1) Strong standard: 

R Standard . . „ „ , . 

R Unknown X S ' 2 = 100 ^ ° ! ”"»■ 
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(2) Intermediate standard: 

RS 

X 2.4 = mg. per 100 c.c. of urine. 

I 

(3) Weak standard: 

— X 0-9 = mg. per 100 c.c. of urine. 

Interpretation. — Normal values given by Sparkman are between 150 and 300 
mg. of urobilinogen per 100 gm. of stool, with extreme limits of 70 to 600 mg. 
Any specimen of urine yielding a color in the lange of the weak or intermediate 
standard may be regarded as not containing increased amounts of urobilinogen, 
and should be reported as “not increased.” Colors in the range of the strong stand- 
ard should be regarded with suspicion. Values of over 8 mg. per 100 c.c. of urine 
almost certainly represent pathological urobilinogenuria: 



Urinary 

Urobilinogen 

Feral 

Urobilinogen - 


Not increased 

Decreased 


Hepatogenous jaundice (without liver cell disease) . . 

Not increased 

1 Great increase 

Portal cirrhosis, hepatitis, anemia (liver cells affected) 

Decided]} increased 

.Decreased 


Early increased, 
later decreased 
(imrahepatie 
obstruction) , 
then increased 

Decreased at height 
of disease 



METHOD FOR THE DETERMINATION OF HIPPURIC ACID 
IN URINE FOR LIVER FUNCTION 

Principle; — Quick has observed that the hourly rate of excretion of hippuric 
acid in normaL persons following the ingestion of sodium benzoate is remarkably 
constant while in certain types of disease of the liver it is markedly reduced. This 
reduction is due primarily to the diminished capacity of the liver to synthesize 
amino-acetic acid and in part to damage of the enzymatic mechanism which unites 
benzoic acid with amino-acetic acid. The output of hippuric acid after the ingestion 
of benzoic acid is considered a measure of the liver’s capacity to furnish amino- 
acetic acid and an index of its detoxifying power. 

Procedure. — 1. One hour after a light breakfast of coffee and toast the patient 
is given 6 gm. of sodium benzoate dissolved in 30 c.c. of w-ater, preferably flavored 
with oil of peppermint. This is followed by one-half glass of water. Immediately 
after taking the drug the patient voids, and he then collects complete specimens of 
urine hourly for four houis. Should the analysis be delayed more than ten hours, 
the samples are preserved with toluene. 
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2. The specimen for each hour is measured and transferred to a beaker, if the 
volume of any specimen exceeds 100 c.c., It is acidified with a few drops of acetic 
acid and concentrated in a water bath to about 50 c.c. Each of the four specimens is 
acidified with 1 c.c. of concentrated hydrochloric acid and then tested with congo 
red paper. If the paper does not turn blue, more acid rnu‘t be added. Each speci- 
men is vigorously stirred until the precipitation of hippuric acid is complete and 
then is allowed to stand for one hour at room temperature. 

3. The crystalline hippuric acid is filtered ofT on a small filter plate or Buchner 
funnel, washed with a small quantity of cold water and allowed to dry in the air. 
The dry samples of hippuric acid are weighed (to the second decimal place is 
sufficiently accurate). If a balance is not available, the precipitate may be dis- 
solved in hot water and titrated with two-tenths normal sodium hydroxide, phenol- 
phthalein being used as an indicator (1 c.c. = O.OilHU gm. of hippuric acid). To 
the amount of hippuric acid determined by weight or titration one adds the amount 
remaining dissolved in the urine. This can readily l>c calculated since 100 c.c. of 
urine at room temperature will dissolve 0.33 gm. of hippuric acid. Thus, for ex- 
ample, if the hourly specimen amounts to 70 c.c. and the amount of hippuric acid 

70 

obtained by weight is 1.1 gm., the total will he 1.1 plus (0.33 gm. ) or 1-33 
gm. of hippuric acid. To express this result in terms of benzoic acid, one multiplies 
by the factor 0.68. Therefore, 1.33 gm. X 0.68 equals 0,91 gm. of tanznic acid. 

Interpretation. — The normal adult will excrete about 3 gm. of benzoic acid in 
the form of hippuric acid in four hours. Therefore, 3 gm. has been taken as the 
normal value for calculating the efficiency of the liver. On this basis the normal 
range is from 85 to 110 per cent. This provides for the variation due to the size 
of the individual patient. 

METHOD FOR THE DETERMINATION OF SERUM LIPASE 
FOR PANCREATIC DISEASE 

As shown experimentally by Cherry and Crandall, lipase appears in the blood 
after injury to the pancreas and the determination of serum lipase has. been em- 
ployed for the diagnosis of acute pancreatitis and carcinoma of the organ asso- 
ciated with painless jaundice. The method given is that of Cherry and Crandall 
slightly modified by Comfort and Osterherg. Others have found the determina- 
tion of serum amylase or diastase satisfactory for the same purpose and especially 
since it can be completed in about 2 hours. 

Principle. — The substrate used in the te«t is an emulsion of olive oil. The degree 
of lipase activity is indicated by the amount of fatty acid liberated, and is reported 
in terms of cubic centimeters of N/20 sodium hydroxide solution. 

Reagents. — 1. Emulsion of olive oil. This should be purchased from a com- 
mercial laboratory. It is prepared in a homogenizer from equal parts of pure olive 
oil, free from fatty acid, and a 5 per cent solution of acacia, with 0.2 per cent of 
sodium benzoate added as a preservative, 
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2. Phosphate buffer solution. pH 7, Prepare Sorenson phosphate buffer solution 
from a fifteenth-molar solution of primary potassium phosphate, and fifteenth- 
molar, secondary sodium phosphate solution, adjusted to pH 7. 

3. Twenlielh-noimal solution of sodium hydroxide. 

4. A 1 per cent solution of phenolphthalein in alcohol. 

5. Ethyl alcohol (95 percent). 

Procedure. — 1. Place 1 c.c. of «eium in a test tube. Add 2 c.c. of olive oil 
emulsion. 3 c.c. of distilled water and 0.5 c.c. of buffer solution. Shake the mix- 
ture and incubate at 38° C. for twenty-four hours. 

2. Prepare a “blank.” Place 1 c.c. of serum in a test tube. Add 3 c.c. of dis- 
tilled water. Heat to 70° C. for about five minutes to destroy the enzyme. Add 
the buffer and substrate. Shake the mixture and incubate at 38° C. for twenty-four 
hours. 

3. After twenty-four hours, add 3 c.c. of alcohol to each tube. Titrate to a per- 
manent pink color of the indicator with twentieth-normal solution of sodium 
hydroxide. 

Subtract the number of cubic centimeters of sodium hydroxide used to neutral- 
ize the ‘‘blank’’ (lube 2), from the number of cubic centimeters used to neutralize 
the acidity in tube 1, and record the difference as cubic centimeters of twentieth- 
normal solution of sodium hydroxide for each cubic centimeter of serum. 

Interpretation. — According to Comfort the normal range is from 0.2 to 1.5 c.a 
of N/20 solution of sodium Indroxkle for each cubic centimeter of serum. A sharp 
rise, even up to 9 to 10 c.c.. may occur in acute pancreatitis and other injuries to 
the gland. 

SIMPLIFIED KOLMER COMPLEMENT FIXATION TEST 

This test is conducted in exactly the same manner ns described for the quantita- 
tive test except that one dose of serum (0.2 c.c. with 0.2 c.c. in the serum control) 
is employed. With spinal fluid a single dose of 0.5 c.c. with 0.5 c.c. in the control 
is employed. In other voids, the technic is exactly the same insofar as the prep- 
aration and titration of hemolysin, complement, and antigen are concerned as 
likewise the inclusion of antigen, hemolytic system, and coipuscle controls. When 
large numbers of tests are conducted, controls with known positive and negative 
serums are not required: but otherwise, and especially in the case of in experienced 
serologists, they should be included. The test is not as sensitive as the quantitative 
test (page 628) or the qualitative test (page 630). 

1. Preliminary removal of natural antisheep heniohsin is omitted. 

2. Heat the serums in a water hath at 55° to 56° C. for 30 minutes. In the 
quantitative test, heating is for 15 to 20 minutes only and is preferred in order 
to reduce to a minimum the destruction of antibody, hut 30 minutes may he em- 
pIo>ed so that the serums are prepared in the single operation for the Eagle, Hinton, 
Kahn, or Kline flocculation tests. Spinal fluids do not require heating unless kept 
for more than 3 days at room temperature (as during shipment in the mails) when 
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heating at 55° to 56° C. is advisable for the removal of thermolabile anticomple- 
mentary substances. 

3. For each serum arrange two test tubes and place 0.5 c.c. of saline solution in 
the second or serum control tube. 

4. For each spinal fluid arrange two test tubes; no saline solution. 

5. Place 0.2 c.c. of serum or 0.5 c.c. of spinal fluid in each of the two left tubes. 

0. Add 0.5 c.c. of antigen, carrying the optimum dilution, in the first tube of 
each set. 

7. Wait 10 minutes at room temperature when 1 c.c. of complement (tarrjing 
two full units) is added to all tubes. 

8. Primary incubation in a refrigerator at 6° to 8° C. for 15 to 18 hour# fol- 
lowed by 10 to 15 minutes in a water bath at 37° C, 

9. Add 0.5 c.c. of hemolysin (carrying two units) and 0.5 c.c. of 2 per cent 
suspension of washed sheep corpuscles to all tubes. 

10. Secondary incubation in a water bath at 37“ C. for 1 hour when readings 
are made, although experienced serologists are advised to remove the racks and 
make readings 10 minutes after complete hemolysis of the serum antigen, and 
hemolytic system controls. 

The reactions may be reported as positive, doubtful, or negative, as recom- 
mended by the Committee on the Evaluation of Serodiagnostic Tests for Syphilis 
of the United Slates Public Health Service cooperating with the American Society 
of Clinical Pathologists, as follows: Positive -p-f H — h (4), -1 — | — (- (3), -j~f- (2) 
or + (1), in the first tube. Doubtful: rfc in the first tube. Negative: — in the first 
tube. However, Kolmer recommends reporting as strongly positive, weakly positive, 
doubtful, and negative as follows: Strongly positive: -j — (- + + (4) or -i — j — f- (3) 
in the first tube. Weakly positive: +-J- (2) or + (1) in the first tube. Doubtful: 
± in the first tube. Negative: — in the first tube. 

Slightly anticomplementary reactions may be safely reported as follows: 4 :£ = 
positive, 41 = positive, 4 2 = doubtful, 31 = doubtful, 3± = doubtful, 33 = 
negative, 2 2 = negative, 21= negative, 11 = negative, 1 ± = negative, i ± 
= negative. 

With serums heavily contaminated with bacteria and those which are chylous 
or heavily tinged with hemoglobin from spontaneous hemolysis in which the 
presence of thermostabile anticomplementary substances is suspected, a modified 
Sachs method is recommended for their preparation as follows: 

1. Heat 0.5 c.c. of serum at 55° to 56° C. in a water bath for 30 minutes. 

2. Add 4.1 c.c. of accurately titrated N/300 hydrochloric acid and mix. 

3. After standing one-half hour at room temperature, centrifuge thoroughly 
and discard the sediment. 

4. To the supernatant fluid add 0.4 c.c. of 10 per cent sodium chloride solution. 
The acid is fixed by the preciptate of globulin, lienee neutralization is unneces- 
sary. 

5. This gives a 1:10 dilution of original serum ready for testing. 

6. Place 1 c.c. in each of two tubes and proceed as above described. In these 
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tests the dose of diluted serum is equivalent to 0.1 instead of 0.2 c.c. of undiluted 
serum. The reactions, however, are recorded and reported exacty as above described. 

EAGLE MODIFICATION OF THE WASSERMANN TEST 

* 

Preparation of Antigen. — If a uniform preparation of dried powdered beef 
heart is not available, the technician may prepare his own. "The heart tissue must 
be quite fresh, and the fat, pericardium, and the blood vessels should be removed. 
The muscle is ground in an ordinary meat grinder, and then dried by the addition 
of 150 c.c. of acetone to each 100 grams of tissue. After about an hour at room 
temperature, with frequent shaking, the acetone is removed- by filtration, the tissue 
is shaken with a second portion of acetone (150 c.c.) for a few minutes, and 
the mixture again filtered. The acetone filtrates are discarded. The tissue is spread 
in a thin layer on a clean surface and thoroughly dried in a 37° C. incubator for 
24 hours, when it is turned and dried again for 24 hours. The dry sheet is now 
pulverized as finely as possible in a mortar, or preferably, in a pulverizing 
machine. 

(a) Preparation oj the tissue extract . — 50 grams of the dried powdered beef 
heart, preferably a pooled pieparation such as those available commercially (e.g.. 
Difco). are extracted with 250 c.c. of pure anesthesia ether (5 c.c. per gram pow- 
der) for 15 minutes at 30° to 37° C.. with frequent shaking. The mixture is 
filtered with suction, and the extraction is repeated with fiesh ether for a total 
of 4 extractions. All the ether extracts are discarded. After the fourth filtration, 
the beef heart powder is washed on the filter with 100 c.c. of fresh ether, dried, 
and then extracted for 5 days with 250 c.c. of absolute alcohol (5 c.c. per gram 
powder) . The alcohol extract is filtered and the moist powder is washed on the 
filter with small portions of fresh alcohol until the volume of the combined alco- 
holic filtrate and washings is equal to 250 c.c. (5 c.c. per gram powder). The 
clear, straw-yellow extract is the basic antigen, and contains approximately 1.2 
to 1.5 per cent solids. It is now fortified with cholesterol which is added to a 
concentration of 0.6 per cent (6 mg. per c.c. extract). The cholesterol is dissolved 
by boiling. This completed antigen, tightly stoppered, retains its reactivity almost 
indefinitely (more than 8 years) at room temperature. For use in the test, it is 
diluted fresh each day by slowly pouring from 80 to 200 volumes of 0.85 per cent 
salt solution into 1 volume of the antigen. The exact quantity of Salt solution to 
be used is determined once for each lot of antigen by the technic to be described. 
One cubic centimeter of antigen suffices for approximately 100 tests. 

It is to be noted that the same basic extract, fortified with 0.6 per cent cholesterol 
and 0.6 per cent corn germ sterol, is used in the Eagle flocculation test. 

(b) Anticomplementary and hemolytic titration of antigen. — Each lot of antigen 
should be tested once for its anticomplemenlary and hemolytic activity to ensure 
that these undesirable properties are not so pronounced as to interfere with its 
use in the test. The technic of these titrations is given in Tables I and II. Antigens 
prepared by tire method just described are usually not anticomplemenlary in more 
than a 1*6 dilution and aie not significantly more hemolytic than pure alcohol. 
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The use of a 1:120 dilution in the test proper (vide infra) thus provides a wide 
margin of safety. 


TABLE 1 

Hemolytic Titwatioy of A'tices 





Anlij 

;en dilution * 



1 

1*2 

1.3 

1:4 

1:6 

1:8 

1 

1:12 

Antigen dilution, cc. 

04 

01 

0.4 

0.4 

.01 : 

04 

0.4 

085 per cent *3lt solution, cc.. 

.8 

.8 

A 

A : 

A | 

.8 j 

A 

Cell suspension, c c. t 

8 

.8 

A 

A | 

8 

A 

A 


Hemolysis it Read Alter '/• Hour nl 37 * C. 


Example of reading of hemolysis. ! 

Com- 

None 

None None 

None 

None I None 


plete 






Conclusion: The antigen is not significantly hemol)itc. 

•These dilutions arc readily prepared by the following procedure: 

Whole antigen, cc 0 4 0.2 0.13 0.1 0 07 0.05 0033 

Salt solution, c.c 0 2 .27 -3 A3 AS A7 

Final dilution nf antigen 1 1:2 1.3 1-4 1-6 1.8 1:12 

t Can be bin'll ued or un«en«iti7cd, hut should be 1.5 per cent by solume. 


TABLE II 

AsTtCOMn KMCVTARY TiTRATUjN OF A\TU,EV 



Antigen dilution * 

1 

m 

m 

□ 

m 

o 

m 

Anligen diluhon, cc 

04 

0.4 

O.lJ 

0.1 

0.4 

0.4 

04 

0A5 per cem salt solution, c.c.. . 

II -4 

.4 

A 

.4 ! 

.4 

.4 


Complement, ltlO, c.c 

• 4 

.4 

A | 

.1 j 

.1 

.4 



After 4 hour’s at 0° to 5“ C., followed by Vj hour at 37* C., odd 0 8 c.c. ol sen<itirrd cells 
to all the tubes 


Example of reading of hemolyiis 
after hour at 37° C. 


0 

1 



1 



plcte 


0 | 


plete | 

plete | 

plete 


Conclusion: Antigen is anticomplemenury up to 1:4 dilution. 

•These dilutions are readily prepared by the following procedure: 

Whole antigen, cx. .... 0.4 0.2 0.13 0.1 0 07 0 05 0 035 

Salt solution, c.c 0 2. 21 A A3 A5 .37 

Final dilution of antigen. 1 1*2 1:3 1.1 16 1.8 1:12 

(c) Determination of the optimum antigen dilution . — As in the case of the anti- 
complementary titration, the optimum dilution of the antigen need be determined 
only once with each lot of antigen. The importance of this titration is not gener- 
ally realized. A tvpical titration illustrating the method is given in Table III. In 
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this example, the most sensitive, and thus the optimum dilution, is approximately 
1:140. If the powdered beef heart used for the antigen is a pooled, uniform product 
and if the method of preparation is adhered to rigidly, it is generally found dial 
the optimum antigen dilution is also quite uniform, not deviating significantly from 
the 1:120 to 1 :1 60 value of the following titration, 

TABLE III 


Dr.TUtMINATJON Or THE OPTIMUM AliTTGEN DILUTION 


Antigen 
dilution * 

Strongly 

positive 

serum 

Result of Washerman n test on 

the same serum diluted with salt solution 

1:2 

1:4 

1:8 

1:16 

1:32 

1:64 

1:128 

1:40 

.... 

+ 

+ 

+ 


0 

0 

0 

0 

1:80 

+ 

+ 

+ 

+ 


0 

0 

0 

1:100 .... 

+ 

O- 

1 

+ 

+ 

“f* 

0 

0 

0 

1:120 .... 

+ 

+ 

1 

*T* 

+ 

+ 

zt 

0 

0 

1:160 .... 

+ 

+ 

+ 

+ 

4* 

rfc 

0 

0 

1:200 .... 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 


4- = positive (no hemolysis), 
dr — doubtful (partial hemolysis). 

0 = negative (complete hemolysis). 

* The antigen dilutions to be used in the above-mentioned titration can he prepared as 
follows: 


1:40 antigen dilution c.c... 

8.0 

4.0 

32 

2.7 

2.0 

1.6 


Salt solution, c.c 

0 

4.0 

4.8 

5.3 

6.0 

6.4 


Final dilution of antigen.. 

1:40 

1:80 

1:100 

1:120 

1:160 

1:200 


Similarly, the serum dilutions can 

be readily prepared as 

follows: 




Serum, c.c 

4.0 

2.0 

1.0 

0.5 

0.25 

0.125 

0.062 

Diluent, c.c 

0 

2.0 

3.0 

3.5 

3.75 

3.9 

4.0 

Final dilution of serum... 


1:2 

1:4 

1:8 

1:16 

1:32 

1:64 


In preparing the antigen for daily use in the test, the correct volume of salt 
solution is slowly poured into one volume of antigen. The antigen dilution should 
he opalescent and homogeneous, containing no visible granules. 

Preparation of Complement. — At least five, and preferably more, guinea 
pigs are bled from the heart; the clots are broken up with a glass rod and centri- 
fuged. Bleeding large pigs (more than 1 pound in weight) for comparatively 
small quantities (5 to 10 c.c.) at intervals of 4 to 6 weeks, is more economical 
than exsanguinating the animal. 

The small laboratory which cannot pool the fresh serum of several pigs for 
each series, or which cannot obtain such pooled fresh serum from a central source 
of supply, may have recourse to three methods of preservation. (1) Multiple 
containers of complement serum may be vacuum-dried from the frozen slate and 
vacuum-sealed on the Flosdorf-Mudd apparatus. Such complement remains fully 
active for at least 10 months if stored in the refrigerator. (2) Although comple- 
ment retains its activity, when frozen at very low temperature (< 20° C.), over a 
period of weeks and even months, such freezing is not feasible in the ordinary 
laboratory. (3) Complement may be preserved by the addition of salt. Numerous 
methods of “salting” complement have been recommended. As simple and as 
satisfactory as any is the addition of sodium chloride in bulk to the complement 
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serum (80 mg. of NaCl per c.c. serum, dissolved by shaking). For actual use in 
the test, the salted complement is diluted with, 9 volumes of water (e.g., 1 c-c. 
complement -f- 9 c.c. distilled water) to make a 1:10 dilution. • 

Perhaps the most satisfactory method of preserving complement in the small 
laboratory is a combination of (2) and (3) — the container of salted complement 
is placed in the freezing compartment of a mechanical refrigerator. So stored, it 
undergoes no demonstrable deterioration in 2 weeks. 

The Preparation of the Serum or Spinal Fluid to Be Tested. — The coagu- 
lated blood is separated from the sides of the tube with a clean glass rod and 
centrifuged for 5 to 10 minutes at 1,000 to 1,500 r.p.m. 1 c.c. of the clear serum 
is pipetted into a numbered tube, whicli is then placed in a water bath at 56° C. 
for 15 to 20 minutes. An incompletely coagulated specimen, or one prevented from 
coagulating by the addition of oxalate or citrate (neither of which should be 
used in the Wassermann reaction), will develop a precipitate of coagulated 
fibrinogen upon inactivation. Contrary to published reports, even large amounts 
of hemoglobin dissolved in the serum do not per se affect the result save so far 
as they obscure the reading of hemoljsis. Similarly, the only objection to blood 
older than 21 hours is the fact that it tends to become anticomplementary with 
age, particularly if conditions facilitate multiplication of bacteria. Whenever 
feasible, the serum should be inactivated immediately before testing. If it Is in- 
activated the day before the actual test, it should be reheated for 5 minutes at 
56° C. before proceeding with the test on the following da). 

Native amboceptor for sheep cells may be removed from the inactivated serum by 
adding 0.1 c.c. of a thick (20 to 40 per cent) suspension of washed sheep cells to 
each cubic centimeter of inactivated serum. The serum and cells are thoroughl) 
mixed and centrifuged 5 minutes later in order to remove the cells. An alterna- 
tive method is to add the thick sheep cell suspension to the whole cold blood, mit 
thoroughly with a clean rod, and centrifuge after 15 minutes in the refrigerator. 
The latter procedure has the advantage of simplicity for it eliminates the necessity 
of a double centrifugation for each serum; it has the disadvantage of causing 
slight hemolysis. 

The removal of native amboceptor unquestionably results in an increased sensi- 
tivity. Nevertheless, it is perhaps an unnecessary complication if a flocculation 
test is carried out in parallel with the Wassermann. The flocculation test ensures 
the detection of practically all serums which might be Wassermann negative be- 
cause of their native amboceptor content. 

Spinal fluid contains neither complement nor amboceptor in significant quan- 
tities, and therefore requires neither inactivation nor the absorption of native 
amboceptor. The whole fresh fluid is used as such. 

Salt Solution. — The salt solution used in diluting antigen, complement, serum, 
cells and amboceptor is a 0.85 per cent solution of C. P. NaCl in distilled water. 
It is advisable but not absolutely necessary to add a trace of alkaline buffer, as 
old distilled water may be sufficiently acid because of dissolved CO s to accelerate 
the deterioration of dilute complement. It is convenient to keep a stock solution 
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of 17 per centNaCI. Fifty c.c. of this is diluted with 950 c.c. of distilled water to 
form die 0.85 per cent solution used in the test. 

Kontine Qualitative Seram Test.— Three lubes are advisable although only 
two axe essential. Tube 1 is the serum control, containing serum and complement, 
but sail solution instead of antigen. 



Serum control 

Test proper 

Whole scrum, c.c 

02 

02 0.1 

Complement. 1:10, c.c 

A 

A A 

Antigen dilution, c.c 

0 

.4 .4 

0.85 per cent NaCi, c.c 

.6 

*2 *.3 


* May be omitted. 


Tubes 2 and 3 are the test proper, each containing 0.4 c.c. complement, 0.4 
antigen, and different quantities of serum (0.2 and 0.1 c.c.). The addition of salt 
solution to tubes 2 and 3 is not essential but serves to bring the total volume in 
all three tubes up to 1.2 c.c.. corresponding to 0.4 c.c. of each of the diree re- 
agents. 

One antigen control suffices for the entire series of tests, and two complement 


controls are also set up, as here indicated. 


Antigen control 

Complement controls tin duplicate) 

r 


0.4 

.4 

.4 

0.4 0.4 0.4 0.4 0.4 

A .2 .13 .1 0 

.4 .6 .7 .7 .8 

Complement, 1:10, c.c 



Quantitative Serum Test. — If a quantitative determination of the re agin 
content of a known positive serum is desired, a series of serum dilutions may be 
prepared by placing 0.4 c.c. of salt solution in each of a series of tubes. To the 
first tube is added 0.4 c.c. of serum, and 0.4 c.c. of the resulting mixture is trans- 
ferred to the following tube: 0.4 c.c. is withdrawn from tube 2 and transferred to 
tube 3, and the process is repealed with all the tubes of the series. The final set-up 
is then as follows: 


Serum control 

Test proper 

Serum, c.c., 0.2 

i 

0.2 0.1 0.05 0.025 0.0125 0 0062 0.031 

in a total volume of 0.4 c.c. corresponding to a dilution of 

1:2 1:4 1:8 1;16 1:32 1:64 1:128 1:256 


It is a technically simpler procedure to prepare a single 1:20 dilution of the 
serum (0.1 c.c. ~f- 1.9 c.c. salt solution) and distribute the serum as follows: 


Whole serum, c.c. 

Scrum, 1:20, c.c 

0.2 

0.05 

0.4 

0.2 

0.1 

0.05 

Salt solution, c.c 

2. 

.35 

0 . 

.2 

.3 

25 
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The dilution so obtained ‘are 1 12, 1 :8, 1 :20, 1 :40, 1 :80, 1 :1G0, in a volume ol 
0.4 c.c. This is the recommended procedure. Antigen and complement are then 
added exactly as in the routine test {0.4 c.c. of each dilution). 

Spinal Fluid Test. — -The routine spinal fluid Wassermann is a quantitative test. 
Except for the quantities used and the fact that the fluid is not inactivated, the 
set-up of the test is similar to that of the quantitative serum test: 



Spinal fluid 
control 

Te*t proper 

Spinal fluid, c.c 


1.0 

06 

0.4 0.2 0.1 

0.05 

0025 

Complement, 1:10, e.c 

•2 

*2 

2 

2 2 2 

2 

2 

Antigen dilution, c.c 

0 . 

•2 

.2 

2 2 2 

2 

2 


* The quantities of the reagents are halved in order to conserve spinal fluid. It is to he noted 
that the maximum amount ot spinal fluid used relative to the other reagents is 10 times that 
u<ed in the scram tests. 


The entire series, serum and spinal fluid te«ts and controls alike, ore then placed 
in the ice box for 3 to 4 hours. 

While the tests are in the ice box, the sensitized cell suspension is prepared and 
tested. 

Preparation of the Sensitized Cell Suspension.— Because this technic calls 
for the use of a fixed quantity of a pooled, standard complement, it becomes pos- 
sible to set up the diagnostic tests as the first step in the daily performance of 
the Wasermann reaction, to place these tests in the refrigerator for their primary 
incubation of 3 to 4 hours, and then proceed to the preparation of the sensitized 
cell suspension. The cells can be washed, the amboceptor titrated, and the titration 
checked within 2 hours. This leaves ample time for other routine work before 
the tests are placed at 37° C. for their secondary incubation of 30 minutes prior 
to the addition of the cells. 

(a) Preparation of the stock 3 per cent suspension of sheep cells . — Citrated 
sheep blood (1 part of 5 per cent citrate and 5 to 10 parts of blood) or defibrinated 
blood is collected as oseptically as conditions permit. The method of choice is to 
bleed the animals from the jugular vein into a sterile vessel containing the citrate. 
The addition of sucrose in bulk to a concentration of 2.5 per cent (2.5 grams per 
100 c.c. blood) senes to postpone their spontaneous disintegration. Sterile sheep 
blood generally remains serviceable for 1 to 3 weeks if stored at 0° to 5° C. 

For use in the test, 1 volume of blood is washed with 10 to 15 volumes of 0.85 
per cent salt solution, the mixture is centrifuged, and the supernatant fluid care- 
fully withdrawn. The sedimented cells arc resuspended in a second portion of salt 
solution and again centrifuged, this time in a graduated tube, until the volume of 
Sedimented cells becomes constant. Ten to 15 minutes at 2,000 to 2,500 revolu- 
tions per minute suffice. The supernatant fluid is carefully withdrawn, and the 
measured cell sediment is resuspended in 32 volumes of salt solution to form the 
stock 3 per cent suspension of unsensitized cells. This must be prepared fresb 
daily. 
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(b) Titration of amboceptor . — The minimal hemolytic quantity (unit) of ambo- 
ceptor must be determined daily for the particular cell suspension to be used 
that day, by the technic of Table IV. This hemolytic unit of amboceptor should be 
a 1:2,400 dilution or higher; and an amboceptor should he discarded if it' is so 
inactive that the hemolytic unit represents, e.g., a 1:1.000 dilution. 

The unit of amboceptor in the example cited is a 1:3.000 to 1:4,000 dilution, 
or, interpolating, approximately a 1:3,500 dilution. An amboceptor dilution is 
now prepared containing 2 Yo units (in the example cited, a 1:1,400 dilution). 
This amboceptor dilution is poured into an equal volume of the 3 per cent cell 
suspension to form the V/> per cent suspension of sensitized cells which is actually 
used in the test. 


TABLE IV 

Technic of Amboceptor Titration 


Amboceptor titration * 



1:1000 

j 1:1500 ( 

1:2000 ^ 

1:3000 

1 

1:4000 ( 

1:6000 

! 

1:8000 

l ' J 

Amboceptor dilution, c.c 1 







0.4 

3 per cent cell suspension, c.c. 

.4 

.4 


.4 

.4 

.4 

.4 

Salt solution, c.c 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

Complemeunt, 1:10, c.c 

.4 

.4 

.4 

.4 

.4 

.4 

A 

Example of reading of hemol- 
ysis after hour at 37° C. 

pletc 

Com- 

Com- 

plete 

Com- 

plete 

Com- 

plete 

Partial 

Partial 

None 


* The following is a simple method of setting up these amboceptor dilutions: 


1:1000 ambooeptor, c.c 0.4 0.27 0.2 0.13 0.10 0.067 0.05 

Salt solution, c.c 0.0 0.13 0.2 0.27 0.30 0.34 0.35 

Sn. — ... ^ 1 •» i nnn 1 1 nA AA 1 A AAA *1 J A A A m x'AAn A AAA A 


Final dilution of amboceptor.... 1:1000 1:1500 1:2000 1:3000 1:4000 1:6000 1:8000 


Check on the amboceptor titration . — The sensitization of the cells should be 
completed within an hour. One set of complement controls pteviously placed in 
the refrigerator along with the tests, and containing 0.4, 0.2, 0.13, and 0.1 c.c. of 
complement in a total volume of 1.2 c.c., is now removed from the refrigerator, 
and 0.8 c.c. of the sensitized cell suspension is added to each tube. The degree of 
hemolysis is read after 30 minutes at 37° C. If the amboceptor titration was cor- 
rect, the 0.4 c.c. of 1:10 complement used in the test lepiesents 2 to 2 1 /o times 
the amount necessary to cause complete hemolysis in 30 minutes. Accordingly, the 
first two tubes of the complement titration should he completely hemolyzed; tube 
3 should be partially hemolyzed, and tube 4 should show little or no lysis. Any 
error in the amboceptor titration becomes immediately apparent. If only the first 
lube is completely hemolyzed, the cells have been inadequately sensitized and more 
amboceptor should be added. If three tubes show complete lysis, an excess of 
amboceptor has been used. The technician must reconcile himself to a sudden 
decrease in the sensitivity of the test, or a second portion of blood must be washed 
and sensitized with the correct amount of amboceptor, somewhat less than that 
used in the first lot. 


f 
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Secondary Incubation of the Test3 at 37° C., and the Addition of the 
Sensitized Cells. — After 3 to 4 hours at 0° to 5° C., the tests and controls are 
placed in the 37° C. water bath for 30 minutes. Eight-tenths (0.8) c.c. of the 
sensitized cell suspension is then added to all the tul>es, which are vigorously 
shaken and replaced at 37° for their final incubation of 20 to 30 minutes. 

This leeway of 10 minutes is allowed the technician to compensate for any slight 
error in the sensitization of the cells as detected by the complement check just 
described. If tube 2 of the complement control, which contains half the amount 
of complement used in the test, is slow to hemolyze, requiring, for example, 30 
minutes for complete lysis, then the tests also are given 30 minutes. If, on the 
other hand, tube 2 shows complete hemolysis in 20 minutes, the results of the 
tests also should be read in 20 minutes after the addition of the sensitized cells. 
The futility of any stop watch precision is apparent when we remember that it re- 
quires 5 to 15 minutes merely to add cells to a large series of tests. 

Reading of Results. — (a) The antigen controls should he completely hem- 
olyzcd. Properly diluted, the antigen fortified with 0.0 or 1 per cent cholesterol 
is not demonstrably anticomplementary under the conditions of the test. Failure to 
hemolyze indicates that the complement is defective and is deteriorating under the 
conditions of the test. 

(b) The complement controls incubated along with the tests should show ap- 
proximately the same degree of hemolysis as the first set u«ed to check the ambo- 
ceptor titration. Any pronounced differences indicate cither that the complement 
is defective and is deteriorating under tlic conditions of the lest, or that the antigen 
is significantly anticomplementary under the conditions of the test. Such deteriora- 
tion with fresh complement indicates that the guinea pigs are in poor condition, 
and necessitates the greatest caution in the reading of results. 

(c) Reading of tests proper . — If the serum as such destroys complement, in the 
absence of antigen, it is anticomplementary — a result which offers no evidence 
as to the presence or absence of syphilitic infection. If the serum control is com- 
pletely hemolyzed, and the tubes of the test containing serum, complement, and 
antigen show no hemolysis, complement has been fixed by a lipold-reagirt com- 
pound, and the result is positive. If all three tubes show' complete hemolysis, the 
complement has not been fixed and the result is negative. Finally, if the tests show 
partial hemolysis, the serum control being competcly hemolyzed, only part of the 
complement has been fixed, and the result is doubtful. 

In the quantitative Wassermann test the result is given as the maximum dilution of 
serum which continues to give a positive result. Similarly, in the spinal fluid test, 
a Wassermann positive fluid may be said to be positive down to, for example, 0.5 c.c. 

METHOD FOR THE DETERMINATION OF VITAMIN C IN URINE 

Principle.— This is based upon the reduction of Folin’s phospho-lungstic 
acid reagent by ascorbic acid. It offers the advantages of simplicity, speed and 
accuracy. The method is that of Medes modified by Shrader. 
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Reagents. — 1. M. formaldehyde: 8 c.e. of formalin (app. 36%) diluted to 
100 c.c. 

2. Combined buffer: 273 gms. sodium acetate (crystalline) plus 34.3 c.c. of 
glacial acetic acid, diluted to 1 liter. 

3. Folia’s phospho-tungstic acid reagent: Transfer 100 gms. of sodium tungstate 

(free from moljbdate) to a 500 c.c. Florence flask. Mix 32 to 33 c.c. of 85% 
phosphoric acid with 150 c.c. of water. Pour the resulting solution on to the 
tungstate and mix. Add a few pebbles and boil very gently over a micro-burner 
for 1 hour. Loss of liquid during the boiling is prevented by using, as a condenser, 
a funnel holding a 200 c.c. flask filled with cold water. At the end of the boiling 
period decolorize with a little bromine water, boil off the excess bromine, cool, 
and dilute to 500 c.c. . 

4. Ascorbic Acid Standard: Weigh accurately in the neighborhood of 15 mg. 
of ascorbic acid and place in a dry 100 c.c. volumetric flask. Then weigh approxi- 
mately 1 gm. of sodium bisulphite into a beaker, add 1 c.c. of acetate buffer and 
about 50 c.c. of water. When the bisulphite has dissolved, add to the ascorbic acid 
and dilute to 100 c.c. The bisulphite is added to prevent oxidation of the ascorbic 
acid. 

Procedure. — To 5 (1-5) c.c. of urine in a 25 c.c. volumetric flask add 1 c.c. 
of foimaldehyde solution. Into three other 25 c.c. volumetric flasks pipette 1, 2 
and 4 c.c. of the ascorbic acid standard respectively. To each flask add 5 c.e. of 
the combined buffer solution followed by 1 c.c. of the uric acid reagent. Adjust 
the volume and read in the colorimeter after 20 minutes. 


Calculation.- 


r w RS 24-hour output 
K X RU X Vol. Urine used in test 


mg. of ascorbic acid 


in daily output 

C s is the concentration of the standard used. RS is the reading of the standard, and 
RU is the reading of the unknown. 

Comments. — In order to remove any interference caused by the color of the 
urine, on the blue color developed in this method, a light filter consisting of a 2 
per cent solution of potassium iodide containing enough iodine to give a decided 
red color has been successfully used. 

If a cloudiness develops in the unknown, it may be centrifuged and the super- 
natant liquid used for comparison. 


MICROMETHOD FOR THE DETERMINATION OF VITAMIN C 

IN PLASMA 

(FARMER AND ABT) 

Reagents. — 1. The Dye: Sodium-2, 6-dichlorobenzenone indophenol may be 
obtained in powder form from the Eastman Kodak Company. In order to secure 
a clear solution of the proper accuracy for good work, Farmer and Abt recom- 
mend the use of this pov'der rather than tablets which are also commercially 
available. The powder is extracted with boiling water to' make a stock solution. 
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which must then be diluted and standardized against pure crystalline ascorbic 
acid. The dilute stock solution is further diluted (1:2) for titrating the depro- 
teinized plasma. It is stated that the dye varies in appearance; lots having a dark 
green color are preferred, while a dark purple color is less desirable, the material 
being harder to dissolve. 

2. Metaphosphoric Acid. (HPOj) : This material is used as the deproteinizing 
agent for the plasma in a strength of 5 r /, . It is also used as a solvent for ascorbic 
acid in the standardization of the stock dye in a strength of 2.5 per cent. In solu- 
tions of HPOj, the dye assumes a pink color instead of the deep blue seen in 
neutral solutions. 

3. Ascorbic Acid: Any pure crystalline ascorbic acid may l»e used to standard- 
ize the dye. Tor greatest accuracy, it is recommended that crystals sealed in vacuum 
ampules be used. 

4. Lithium Oxalate: This material is preferred as an anticoagulant to other 
oxalates. A 1-mm. pile of the powder on the end of a toothpick is placed in the 
micro-blood bottle. 

Apparatus. — In addition to the ordinary glassware which is a part of the 
equipment of any chemical laboratory, there arc required a microburette, a chem- 
ical balance and a centrifuge. Special 'apparatus which is required consists oi 
the micromelhod bottles and a special microburette reading directly to 0.002 c.c. 
The special microburette is an accurately graduated capillary pipette held hori- 
zontally in a cast fixture. Over the blunt end there is slipped a piece of medium- 
wall rubber tubing, the other end of which is sealed with a glass plug. This tubing 
is so placed that it m3y be compressed by a clamp having a finely threaded screw. 
When the whole burette is filled with mercury, and all air expelled, turning the 
screw accurately controls the mercury. The mercury acts as a fluid piston and the 
dye may be drawn in or pushed out by its action. This apparatus is obtainable 
from E. H. Sargent & Co. 

Procedure. — The first Step in the procedure is the standardization of the dye. 
After diluting the stock dye 1:10 with water, this is titrated against an accurately 
made solution of ascorbic acid in 2.57t HPOj. The calculations are as follows: 
Suppose exactly 59.2 milligrams of ascorbic acid were weighed out and made up 
to 100 cc. If this solution is diluted 1:10, each c.c. of the dilute ascorbic acid 
solution contains 0 0592 milligrams of ascorbic acid. Suppose 2.27 c.c. of dilute 
dye produce the first faint pink color in. 2 c c. of die dilute asforUic. add wvlutioou 
Suppose 0.10 c.c. of dilute dye must he added to the HPOj blank to produce the 
same pink color. Then: 

(2.27 - 0.10 c.c.) = (2 X 0.0592) mg. 

2 X 0.0592 

or, each c,c. ot dye — — jj-Jy — milligrams of ascorbic acid 

= 0.0545 mg. (standardization factor) 

The next step is to obtain the blood, centrifuge out the cellular elements, repro* 
teinize, and titrate. Several of these operations require, in the calculations, cor- 
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rective , factors in order to express the 'final result- as milligrams of .ascorbic acid : 
per 100 c.c. of. bloody Each factor is dealt with -separately below:. - : - ' . 

• (a) 0;1 , c.c. of plasma, is taken. : Since this is to represent 100 c.c. of. blood, a 

.factor of 1000 inust be introduced. V " ' ’ - ■ 

; (b) Of the 0.4 c;c. of diluted deproleinized plasma, only 0.2 c.c. are ilsed for 
, i . tlie titration. This introduces a factor of 2. - ' ■ >"- - • 

(c) The dilute standard dye is further diluted for the micro-titration, introduc- 
"yy:,y- ’ ing a factor of ; •'*’* ' y : y ' : 

•- - : Multiplying all these factors together gives: , / . . : 

• / ... . looo x 2 x y» = iooo . v ; . . ■ - • ' ; ; , ■ ; 

. Suppose 0.026 c.c. of dye is used in the plasma titration, and suppose that 0,002 

• ■ c.c. of this-' same dye is needed to give the HP0 3 blank the same pink color. Sub- , ,y ; 

, , trading the. latter from the former gives 0.024 c.c. -This multiplied by the stand- - 

ardization factor, multiplied by the factor 1000, gives the finished result expressed 
in milligrams per 1000 c.c. of blood, as follows: 

; 0.024 X 0.0545 (standardization factor) X 1000= 1.308 mg./lOO c.c.- 

Interpretation.-XThe, normal range of vitamin C (ascorbic acid) in the blood 
by this method has been established as 0.7 to 1.2 milligrams per, 100 c.c., Values, 
which are below 0.5 milligram are considered to indicate,, a marked insufficiency 
of vitamin C intake.- ’ - • . ' ' , . ' - % 

METHOD FOR THE DETERMINATION OF SULFANILAMIDE 

IN THE BLOOD AND URINE • ‘ ‘ , 

' (BRATTON AND MARSHALL) : 

Principle. — This method for the determination of free sulfanilamide in filtrates i 
of the blood, urine arid various body fluids, can- be used also for sulfapyridine, , .• 
sulfatliiazole or any derivative of sulfanilamide in which the amino group is. free . , 
or can be liberated by hydrolysis. The reaction depends, upon the presence of an 
amino group substituted in the benzene ring. The method is based on the diazotiza- 
\tion of the para-aminobenzene-sulfonamide with nitrous acid, destroying the .excess 
nitrous acid. and : lben coupling the resulting diazo compound with N- (1-naphthyl) . 

. ethylenediamme dihydrbchloride which. can be, obtained from the LaMotte Chem- >’ 
ica! Company. A purplish red azo^dye is -produced.- which can be readily estimated 

• colorimetrically. The color reaction is extremely sensitive so that , the drug can be 

; delected iri a dilution- of 1 part per million or 'more. ' : . 

/ . Reagents:— -These should be kept at refrigerator temperature to avoid decom- 
,‘position. - ’■ y y /■ -y' ( : ‘ : V ( 

• :-y. li Trichloracetic void <solution t . ’containing '15 gm; dissolved in water , and , . . 

-diluted to 100 c.c: .. -V. ■ ; - . 

2. ; Sodium nitrite solution-, prepared weekly by dissolving 0.1 gm. in 100 c.c. 

. of. water. - , y V . ' : ", .y - , ,V* ' < y. 



C66 . APPENDIX 

3. Aqueous solution of N‘{l-naphthyl) ethylenediamine dihydrochloride (East- 
man Kodak No. 4836 or LaMotte Chemical Company) prepared by dissolving 
100 mgm. in 100 c.c. of water and keeping in o dark colored bottle. 

4. Saponin solution prepared by dissolving 0.5 gm. in 1000 c.c. nf water. 

5. Ammonium sulfonate solution prepared by dissolving 0.5 gm. in 100 c.c. 
of water. 

6. 4 N hydrochloric acid. . 

7. Stock standard sulfanilamide solution prepared by dissolving 100 mg. in 
hot water. Cool and dilute to 500 c.c. (5 c.c. = 1 mg.). Tins will keep several 
months in a refrigerator. 

8. Dilute standard sulfanilamide solutions arc prepared os follows: 



Concentration 
(mg. per 10 c.c.) 

Stock 

Standard 

. 15% 

Tricldoracelic 

acid 

Water 

0-9- to: 

No. i : 

002 



100 c.c. 

No. 2 

005 

25 eX. 

18 c.c. 

100 cx. 

No. 3 

010 

5.0 c.e. 

18 c.c. 

100 c.c. 


Since various sulfanilamides may ghe varying amounts of color it is advisable 
to use that being administered. 

Procedure for Free Sulfanilamide.— To 2 c.c. of blood odd 30 c.c. of saponin 
solution and allow to lake completely. Add 8 c.c. of trichloracetic acid solution, 
mix and filter. To 10 c.c. of the filtrate add 1 c.c. of the sodium nitrite solution 
and let stand 3 minutes. Add 1 c.c. of the ammonium sulfamate solution and let 
stand 2 minutes. Add 1 c.c. of the N-(l-naphthyl) ethylenediamine dihydro- 
chloride reagent; mix and read any time within an hour. Compare in the color- 
imeter with the nearest standard: 

Calculation. — Set the unknown at 10: 

Standard No. 1 mg./lOO c.c. = ^ X 0.02 X 2 X 100 = 0.4 S 

S 

Standard No. 2 mg./lOO c.c. = X 0.05 X 2 X 100 = S 

Standard No. 3 mg./lOO c.c. X 0.1 X 2 X 100 = 2,0 S 

Procedure for Total Sulfanilamide.— To 10 c.c. of filtrate add 0.5 c.c. of 4 N 
hydrochloric acid. Heat in boiling water bath for 1 hour and cool. Adjust volume 
to 10 c.c. and proceed as for the determination of free sulfanilamide. 

The conjugated sulfanilamide is obtained by subtracting the free from the total. 

Procedure for Sulfanilamide in the Urine.— Protein-free urine is diluted 
with water to contain about 1 to 2 mg. per cent of sulfanilamide. 50 c.c. of diluted 
urine plus 5 c.c. of 4 N hydrochloric acid are diluted to 100 c.c. 10 c.c. of this 
second dilution are treated in the same manner as blood filtrate for the determina- 
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. ..i / tion of free sulfanilamide. For, the determination of total sulfanilamide, 10 c.c. 
are heated •without the further addition of acid. Urine containing protein is exam- 

• ', ' ihed in the same manner as blood. ' . ' ' , ! 

: ; ; METHOD FOR THE DETERMINATION OF SULFATHI AZOLE : 

, ; , : IN THE BLOOD A-,, 

■ >" . The procedure for determination of free sulfa/, hiazole in the blood is as follows: 
Dilute 2 c.c. of oxalated blood with 30 c.c. of saponin solution. After complete • Y 
laking (1 or 2 minutes), add, with shaking. 8 c.c. of the trichloracetic acid solu- 
tion, thus making 40 c.c. of a 1:20 dilution of blood. Allow to stand five minutes 
or more arid filter. (If only a smaller volume of blood is available, use propor- 
tionately less of the other constituents.) 

The free sulfathiazole is determined in the filtrate as follows: 1 c.c. of the 
sodium nitrite solution is added to 10 c.c. of the filtrate. After three minutes’ stand- 
ing,!, c.c. of the ammonium sulfamate solution is added, and after two minutes’ 

Y further standing,,! c.c. of the solution of N-(l-naphthyl) ethylenediamine dihydro- 
chloride is added. . The color of this unknown is compared with an appropriate ■? 
Standard which has been treated identically with the solutions of sodium nitrile, 
ammonium sulfamate, *and N-( 1-naphthyl) ethylenediamine dihydrochloride. The 
• color develops at once after the addition of the last reagent and does not change 
for an hour. 

To determine the total sulfathiazole (free and conjugated), 10 c.c. of the filtrate 
should be treated with 0.5 c.c. of 4 N hydrochloric acid, heated in a boiling water 
bath for one hour, cooled, arid the volume adjusted to 10 c.c. For this purpose it 
is best to use Pyrex test tubes with a constriction on which the calibration mark 
for 10 c.c. is etched. The subsequent procedure is the same as for determination of 
free sulfathiazole. 

In making sulfathiazole determinations by the suggested procedure, if the level 
is found to be from 1 to 10 mg. per cent, a correction of 15 to 20 per cent should 
be added when the blood dilution of 1 :20 has been used. When dilutions of blood 
of 1:50 or 1:100 are employed, the recovery is quantitative with larger amounts 
than 5 mg. per cent and no correction is needed. Such greater dilutions are to be 
obtained by using additional amounts of saponin solution. 

METHOD FOR THE DETERMINATION OF SULFAPYRIDINE 
v • '-IN THE BLOOD 

The following bedside, method by Ratish and Bullowa is a modification of the 
Marshall lest which can be conducted by the physician or technician at the bed- 
. side in ten minutes and allows time for simultaneous duplicate tests. 

Reagents.— 1. , Ether. ,., s v. ■ 

, 2. 15". per’ cent trichloracetic acid solution. 

. , \ , 3. 0.1 : per cent solution of sodium nitrite. 
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4. 1 per cent solution of urea. 

5. A solution containing 1 c.c. of n-dimethylnaphlhylaraine in 
250 c.c. of 93 per cent rthjl alcohol. (Keep in a dark dropping 
bottle.) 

Apparatus. — 1. 2-c.c. Liter syringe and needle. 

2. 1 lest tube of 20-c.c. capacity with round bottom, stoppered 
with cork and marked at 1 c.c. and 6 c.c. I centrifuge tube 
with long taper, graduated to 15 c.c. in 0.1-c.c. divisions, fitted 
with rubber stopper. 

3. 5 dropping bottles to contain the reagents listed above. 

4. A comparator block 2.5 inches by 4.5 inches, with 4 openings 
to take test tubes 100 by 12 mm., and color standards. 

Color Standards. — Dissolve 0.0075 gm. of phenol red in 100 c.c. of distilled 
water. To a series of five tubes, add 3.9 c.c. of fifteenth molar potassium diliy* 
drogen phosphate (KHjPO,) and 6.1 c.c. fifteenth molar secondary, sodium phos- 
phate (NAjHPO, ). Then follow with 0.2 c.c. of normal sodium hydroxide (NaOH) 
and phenol red as indicated. The volume of the phenol red should increase pro- 
gressively in the different test tubes: 


Amount of 
Phenol Red 

Amount of Suljapyndine 

022 c.c. 

Concentrations up to 4 rap. per cent. 

0.30 c.c. 

Concentrations up to 7 nip. per cent (usual in 
blood of recovered pncumocoecic pneumonia 
patients). 

0.46 c.c. 

Concentrations up to 10 rap. per cent. 

0 62 e.c. 

Concentrations up to 12J> mg. per cent (desirable 
in blood of meningitis patients). 

0.86 c c. 

Concentrations up to 15 mg. per cent. 


Phenol red solutions are transferred to 100 by 12-mm. test tubes and sealed. 
The value of each tube is attached and the standards protected from direct sun- 
light. New standards should be prepared every six months. 

Procedure. — Into a Luer syringe draw approximately 1.5 c.c. of venous blood. 
Invert the syringe with the needle still attached and deliver the blood, drop by 
drop, into the round-bottomed test tube, to the 1-c.c. mark. Prom the other dropping 
bottle add ether to the 6-c.c. mark. Insert the stopper and shake vigorously for 
two minutes. The fluids will rapidly separate into two layers, with the ethereal 
extract of sulfapyridine in the upper Ia>er. Slowly release the stopper. Cautiously 
decant the ethereal extract into the centrifuge tube to the 0.5 c c. mark and set 
the extraction lube aside for duplicate tests. 

By means of a dropping bottle add 15 per cent trichloracetic acid solution to 
the 5-c.c. mark, place the rubber stopper over the mouth of the tube, and shake 
vigorously for ten to twenty seconds. Add 0.5 c.c. of 0.1 per cent sodium nitrite 
solution (7 to 8 drops from a dropping bottle), bringing the solution to the 5.5-c.c. 
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mark. Again shake vigorously for twenty seconds, and add 0.5 c.c. of 1 per cent 
uiea solution diopwise from a dropping bottle. Finally, add a-dimethylnaphthyla- 
mine to the 3.5-c.c. maik from its dropping bottle, close the tube with the rubber 
stopper, and invert once or twice. The white opalescence is soon replaced by a 
purplish-red color. After five minutes the color is fully developed and the tube 
may be compaied with standards in the comparator block. 

METHOD FOR THE DETERMINATION OF THIOCYANATES 

IN' THE BLOOD 

In the treatment of hypei tension with thiocyanates concentrations of 6 to 12 
mg. per 100 c.c. of blood give the maximum therapeutic results. Concentrations 
above 15 mg. per cent may pioduce toxic effects and concentrations above 35 mg. 
per cent may produce serious toxic manifestations. The method of Barker for their 
blood concentration is as follows: 

Reagents. — 1. 10 per cent trichloracetic acid solution. 

2. Ferric nitrate reagent. Dissolve 50 gm. of crystallised ferric nitrate in 500 
c.c. of distilled water. Add 25 c.c. of concentrated nitric acid and make up to 1 
liter with distilled water. 

3. Thiocyanate standards: Stock solution. Dissolve about 1 gm. of potassium 
thiocyanate in 800 c.c. of distilled water. Titrate a 20-c.c. portion of a standard 
silver nitrate solution (made by dissolving exactly 2.9195 gm. of silver nitrate in 
1 liter of distilled water) acidified with 5 c.c. of concentrated nitric acid, with the 
potassium thiocyanate solution, using ferric ammonium sulfate as an indicator. 
Calculate the amount of water which it will be necessary to add to the potassium 
thiocyanate solution to make 20 c.c. equivalent to 20 c.c. of silver nitrate solution. 
Add the calculated amount of water, mix thoroughly and check the solution by 
another titration to make sure the potassium thiocyanate solution is exactly equiva- 
lent to the silver nitrate solution. 

4. Standard solutions. Make three dilutions of the stock solution to give the 
following three standards: (1) 100 c.c. of stock diluted to 1 liter with water gives 
a standard which contains 0.5 mg. of the thiocyanate ion in 5 c.c. of solution. 
(2) 70 c.c. of stock diluted to 1 liter with water gives a standaid which contains 
0.35 mg. of the thiocyanate ion in 5 c.c. of solution. (3) 40 c.c. of stock diluted., 
in 1 liter with water gives a standard which contains 0.2 mg. of the thiocyanate 
ion in 5 c.c. of solution. 

Procedure, — Transfer 5 c.c. of the 10 per cent trichloracetic acid solution to 
a test tube. Add 5 c.c. of serum or plasma. Stopper and shake well. Allow to stand 
fiom ten to fifteen minutes. Filter through a small filler paper. The filtrate should 
be perfectly clear. If it is not, filter again through the same filter paper. Measure 
5 c.c. of the filtrate into a clean, dry test tube. Add 1 c.c. of the ferric nitrate 
reagent: mix and read in a colorimeter with the standard solution set at 20 mm., 
choosing that standard which most nearly matches the unknown. The standards 
are made as follows: transfer 5 c.c. of each of the three standard solutions to three 
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test tubes. Add 5 c.c. of trichloracetic acid solution and 2 c.c. of the ferric nitrate 
reagent to each. Mix. 

Calculation . — With the standard solution set at 20 mm. for the colorimetric 
comparison the calculation may be simplified to the three following forms, depend- 
ing on the strength of the standard. 

1. Using the 0.5 mg. standard, 200/reading-mg. of the thiocyanate ion in 100 
c.c. of serum. 

2. Using the 0.35 mg. standard, 140/reading-mg. of the thiocyanate ion in 100 
c.c. of serum. 

3. Using the 0.2 mg. standard, 80/reading-mg. of the thiocyanate ion in 100 
c.c. of serum. 
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Abbe condenser, 4 
Aberration, spherical, 3 

— chromatic, 3 

Abortion disease, bovine. See aho Brucella 
abortus 

— agglutination test for, 596 

— * — Huddleson’s, 597 

— •complement-fixation test for, 637 
antigen for, 639 

Abramson’s method, for phenolsulplionph- 
thalein test, 188 

Abscesses, collection of pus from, for bacterio- 
logical examination, 317 

— in guinea-pigs, 23 

Absorption septra, for urobilin and urobilin- 
ogen, 246 

— hematoporphyrin, 162 

Absorption test for differentiating typhoid and 
paratyphoid fevers, 596 
Acarus scabiei, 535 
Accidents, prevention of, 47 

— treatment of, 48 

Acetic acid test, for fats in feces, 248 

— for protein, in transudates, 292 

• exudates, 292 

Aceto-acctic acid, tests for in urine, 154 
Acetone bodies, detection of, in urine, 153 
Acety 1-methy 1-carbinol, test for, 408 
Acholic feces, 242 
Achorion, 518 

Achorion schonleinii, 521, 523 
Achromia, 93, 94 

Achylia, true, histamine test for, 206 
Acid, amino, in blood, determination of, 723 

— ammonium biurate crystals in urine, 168 

— bile, detection of, in feces, 247 

— boric, detection of, in tissues, etc., 787 
in milk, test for, 772 

— fatty, in feces, 248 

— free hydrochloric, in gastric contents, 204 

— hippuric, test for "in urine, 851 

— hydrochloric, see hydrochloric acid 
in gastric juice, 205 

— lactic, in gastric juice, tests for, 207 

— picric, purification of, 725 

— sulphuric. See sulphuric acid 
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Acid, continued 

— uric, in blood, determination of, 727 

— - — crystals, in urine, 165 
Acid alcohol, 395 

Acid-fast staining of bacteria, 395 

— in tissue, 404, 405 ' 

Acidity, gastric, estimation of, 204 

— urinary, estimation of, 130 
Acidosis, 738 
Actinomyces, bovis, 531 

— hominis, 531 

cultural characteristics of, 533 

-in sputum, 196 

— necrophorus, 499 

— staining of, in tissue, 405 
Actinomycosis, diagnosis of, 531 
Addis sediment count, of urine, 189 

collection of specimen for, 189 

Gibsofi’s modification, 191 

normal values, 191 

significance of, 191 

Aerobactcr group, cultural reactions of, 495 
Aerobic bacteria, isolation of, pour plate 
method, 384 

surface streak plate method, 383 

Aerobic spore-forming organisms, isolation of, 
381, 386 

Agar, blood, action of bacteria on, 409 

— chocolate, preparation of, 370 

— citrate, Simmon’s, preparation of, 369 

— commeal, preparation of, 367 

— 'Cystine infusion, preparation of, 371 

— desoxycliolatc, preparation of, 375 

— double sugar, Bussel’s, preparation of, 368 

— eosin-methylene blue, preparation of, 375 

— extract, preparation of, 366 

— for culture media, 342 

— glucose, preparation of, 368 

— heated blood, preparation of, 370 

— honey, preparation of, 367 

— infusion, preparation of, 367 

— — with blood, ascitic fluid, serum, etc., 
370 

— Krumvu'ede triple sugar, preparation of, 

369 

— lead acetate, preparation of, 368 
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Agar, continued 

— Jirer irtfdiion, preparation of, 371 

— nutrient, preparation of. 366 

— peptone iron, preparation of, 369 

— pertussis preparation of, 370 

— phenol red tartrate, preparation of, 369 

— Sabouraud’s dextrose, preparation of, 366 
— — tnalio«e, preparation of, 367 

— semisolid, preparation of, 366 
—-sodmm oleate, preparation of, 370 

— tellurite, chocolate, preparation of, 372 

— — cyst me, preparation of, 372 

— testicular infusion, preparation of, 373 

— tomato juice, preparation of, 371 

— whey, preparation of, 374 
Agglutination test, for hrucelta infection, 596 
te«t lube method, 597 

— — With milk, 601 

— for dysentery, 601 

— for fowl typhoid, 605 

— for glanders, 602 

— for Jeptospira jeterohaemorrhagiae, 506 

— for paratyphoid fever, 592 

— — maero«copic, 595 

— for pertussis, 605 

— for plague, 601 

— for typing, of meningococci, 4S8 

— — of blood, 612 

— for tularemia, 602 

— for typhoid bacilli, 491 

— for typhoid fever, 592 
macroscopic, 595 

— for typhus fever, 603 

— for undulant fever, 596 

— for while diarrhea of chickens, 605 
■ — meikods for con darting, 592 

routine, macroscopic, 591 

routine, microscopic, S94 

Agglutinogens, hemo., 607 

— M and N, for blood grouping, for exclusion 

of paternity, 615 

Albert's stain, for diphtheria bacilli. 397 
Albumin, in Mood, determination of, 747 

Greenberg method for, 749 

normal range of, 712 

— in sputum, test for, 197 

— in urine, in disease, 174 

— — -test for, Esbach’s, 140 
Etron’s, 139 

— Folm’s, 141 

— — — heat and acid. 135 

Kingsbury, Clark, Williams and Post, 

137 


Albumin, continued 

— methods for recording results, 136 

Purdy’s, 135 

— qualitative, 133 

— quantitative, 137 

Unhcri's, 137 

— — — Shcvky and PlalWd’s, 141 

— Mtlphn«alic)tic acid, 134 

T«uchiya\ 141 

Albumin globulin ratio, jn blood, normal 
range of. 712 

AJcobgenes bronchiseplicus, in nasal catarrh, 
of rabbits, 24 

— in pneumonia, of guinea pigs, 23 
of rabbits. 24 

Alcohol, acid, 395 

— ethyl, detection of, 790 

— for fixation of tissues, 806 

— methyl, detection of, 789 

— preparation of percentage solutions of, 

378 

Aldehyde lest, Napier’s, 124 
Allergens, preparation of, 679 
Allergy, bacterial, te«ls for, 686 

— contact test for, 684 

— cutaneous ie=t for, 682 

— eosinophilia in, detection of. 688 

— intracutaneous test for, 68 4 

— patch test for, 681 

— scratch test for, 682 

— skin tests for, 679. 681 
value of, 681 

— testing for, direct mrlhod, 687 

— to serum, lest for, 686 

Alpha hemolytjs, on blood agar, 409 
Mlernana, 516 

Ameliae. cy«ts, deteclion of, direct examination 
for, 255 

Donaldson's method for, 2S5 

concentration method for, 261 

Heidenliain'a iron hematoxflin rapid 

method, 260 

— iodine method for, 255 

Mayer's liaemalum stuin method, 256 

Araebae, intestinal, detection of, 253, 259, 263 

I dieni amoeba fragdis, 262 

I — endamoeba rob, 258, 262, 2 63 

■ en-iamoeia histolytica, 258. 262, 263 

r 'ndo’inax nana, 258, 262, 263 

iodamoeba but9chhi, 262 

species identification of, 262 

Amino-acids of blood, determination of, 
Folin’s method for, 723 
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Amino acid nitrogen, of blood, normal range 
of, 712 

Ammonium thiocyanate solution, standard, 
preparation of. 703 
- — stock, preparation of, 706 
Amorphous, phosphates in urine, 168 

— urates in urine, 165 
AnivJa«e, test for, in idle, 226 
— — in feces. 2-37 

Amyloid in tissue, stain for, 821 
Anaerobic bacteria, rultnnrion of, increased 
CO: tension for, 389 

jar method® for, 387 

1 liquid tubes for, 387 

— — Novy jar for, 388 

— •— pyrogallate methods for, 387 
Smdlie jar for, 388 

Spray plate method for. 337 

— Weis® Spaulding apparatus for, 389 

— nonpathogeme. identification of, 417 
• — pathogenic, identification of, 417 
Anaerobic infections, diagnosis of, selection of 

animals for, 21 

Anaerobes, sporulating, Spray’s identification 
of, 419. See also Clostridium 
Analytical balance, methods for using, 694 
Ancylostoma duodenale, 283 
■ — ova of, 273 

Andrade’s indicator, preparation of, 379 
Anderson, liappold, McLeod, and Thomson’s 
tellurite chocolate agar, 372 
Anemia, 68 

— I fa den’s classification of, 61 
Angina, Vincent’®, 502 

Aniline, detection of, in urine, blood, etc., 
789 

Aniline blue collagen stain, for staining of 
tissues', 818 

Animal parasites, blood, 274. 276 

— in feceo, examination for, 253. See also 

Teces 

— of mucou® membranes, 534 

— of skin, 531 
Animals, autopsying of, 17 

— rages for, 18 

— bleeding of, 17 

— care of, 20 

— distasis of, 17 

— feeding of, 17, 19 

— hemorrhagic septicemia in, diagnosis of, 

498 

— housing of. 17, 18 

— inoculation of, 17 


Animals, coniinttcd 

— pulse rate of, 20 

— identification of, 19 

— respiration of, 20 

— selection of, 17 

for diagnostic tests, 21 

j — temperature of, 20 
— trypanosomiasis of, 120 
Anisocx tosis, 93, 94 

Anteriorpituitaryhormone.testsfor.jn urine, 177 
Anthrax, bacilli of, identification of. 459. Sec 
also Barillas anthracis 

— blood cultures in. 461 

— precipitin test for, 678 
Anticoagulant, for phagocytosis test, 109 

— for sedimentation test, 105 

Anliformin method, for concentration, of 
tubercle bacilli, 482 

Antigen, bacterial, for complement-fixation 
test, 637 

titration of, 639 

— beef corpuscle, preparation of, 113 

— brucella abortus, preparation of, 598 
standardization of. 599 

— Eagle’s, preparation of. 855 

for flocculation test. 670 

for Wassermann test, 855 

optimum do=e of, 856 

— echinococcus, for complement-fixation test. 6>13 

— for heterophile antibody test. 113 

— gonococcus, preparation of. Price method 638 

— guinea pig kidney, preparation of, 113 

— Hinton’s, preparation of. 675 

— Kahn’s, correction of, 651 

preparation of, 648 

sensilhity of, 650 

■ sensitized, preparation of, 659 

titration of, 659 

titration of, 649 , 

— Khnc’s. preparation of, 664 

— Kolmerls, preparation of, 620. 621 , 

titration of. 623, 527 

— of trypanosomes, for complement-fixation 

test, 643 

— typhoid, II and O, preparation of, 592 
Antimony, detection of, method for, 776 
Antimony test, Chopras, 124 

Antishcep hemolysin, preparation of, 619, See 
also Hemolysin 
Anuria, 129 

A.P.H.A. standard method, for nutrient agar, 
366 

— for preparation of nutrient broth, 358 
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Apparatus, for cholesterol extraction, 745 

— for complement fixation test, 616 

— Kahn’s shaking, 6-17 

— Kolroer’a complement-fixation test, 616 

— Aludd’a filtration, 353 

— Novy anaerobic culture, 383 

— SmiJlie anaerobic, 388 

— Van Sl)ke gas analysis, 736 

— Van Slyke-Neiil manomeiric, do«ed type, 

717 

— Weiss Spaulding, for cultivation of anaero- 

bic bacteria, 387 

Aqueous humor, Kahn le*t with, 662 
Arnelh’a classification, of neutrophils, 80, 81 
Arnold sterilizer, 352 
Arthropods, of skin, 531 
Arthrospore, 515 

Arsenic, detection of, method for, 776 

— March test for, 781 
Ascans lumbricoides, 281 
-ova of, 273, 282 
Aschhetnt-Zemdek test, 177 

— quantitative, 179 

AscSltC broths, preparation of, 359 

with carbohydrates, 3S9 

Ascoh test, for anthrax, 461 

Ascospores, 515 

Ash content, in cow’s milk, 766 

— in foods, 774 

— in human milk, 773 

Asiatic lung fluke, see Paragonimus 
Aspirating nozzle. 63 
A«pergillo*is, diagnosis of, 529 
Aspergillus, 516 
Aspergillus fumigatus, 529 
Auto agglutinins, for erythrocytes, 608 
Autoclaves, 351 

Autogenous vaccines, preparation of, 549 
Autopsy, collection of blood at, 581 
Autop’ying, of animals, 17 

— technic of, 45 

Avery culture precipitation le't for differentia- 
tion of pneumococci, 453 
Azoospermia, 816 

Azure U-Eosin method, Custer’s modification 
of, for staining of bone marrow, 833 


Babcock, fa! bottle, for human milk, 773 
— method for fat, in cow’s milk, 766 
Bacillary dysentery, agglutination test for, 
604 

Sec also Sbigella 


Bacillary white diarrhea of chicken*, aggluti- 
nation test for, 605 
Bacillus, abortus, 477 
— — agglutination test for, 596 

— lest tube method, 597 

with milk, 601 

antigen, for complement-fixation test, 639 

— aborlus-equinus, 495 

— ■ aejdi-Iaelici, cultural reactions of, 495 

— acidophilus identification of, 498 

— aerogenes, 495, 566 

— aerlrycke, identification of, 491 

— — in mouse typhoid, 25 

in paratyphoid, of guinea pigs, 23 

— alcalcst-ens, 49 4 

— amhipuus, 494 

— anaerobic, pathogenic, identification of, 417 

— anthracis, 19. See also Anthrax 
— — A v«!i lest for, 461 

identification of. 459 

identification of, precipitin te«t for, 461 

— — isolation of, from hair or bristles, 461 

— avi«epticu«, 498 

— - bacteriophage, preparation of, 555 

— hotulwa*, identification of, methoJs tor, SOI 
toxins of. lest for, fn food, 502 

types of, 502 

— hronchi«epticu«, in nasal catarrh, ol rabbits, 

24 

— — in pneumonia, in guinea-pigs, 23 
in pneumonia, of rabbits, 21 

— cloacae, 495 

— toll, are Escherichia 

— diphthenae, identification of, methods for, 

462 

— — types of, 463 

virulence tests for, 464 

— dispar, 494 

— dysenteriae, identification of, methods for, 

493 

— enteritidis, identification of, 494 
in mouse typhoid, 25 

— — in paratyphoid, of guinea-pigs, 23 
in paratyphoid of rats, 25 

— equisepticus, 498 

— faecal/s aleahgenes, 495 

— Fnedlander’s, identification of, 474 

— — in pneumonia, in guinea pigs, 23 

— fusiformis, 5 02 

— gallmarum, 495 

— glanders, agglutination te*t, 602 
— — complement fixation test, 677 
— — infections, diagnosis of, 475 
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Baeilhi®. continued 

— granuloma, 509 

— hay. Str Bacillus subtilis 

— bofTmanii, identification of. methods for, 465 
— ‘influenzae, identification of, method;, for, 

466 

— Koch -Week®, identification of, 468 

— Incus oerogene®, 495 

— lepiseplieu®, in nasal catarrh, of rabbit®. 21 
in pneumonia, of rabbits 24 

— leprae, detection of. methods for, 486 

— mallei, 19 

identification of, methods for, 475 

— mesenteriens, 460 

— moiax axcnfcld, identification of, methods 

for, 468 

— mnrgani, identification of, 494 

— murosns capeulaius identification of, meth- 

ods for, 474 
— myeoide®, 460 

— of Ducrej, collection of material for, 330 
identification of. methods for. 469 

— of symptomatic anthrax, identification of, 

499 

— Oppler-Iioas, 213 

— o\i«epticus, 498 

— *07enae. identification of, methods for, 475 

— parady®cnteriae, 494 

— parntypbosu®, agglutination test for, 592 

— paratyphn®us A, identification of, 493 
v-paratyphosus B, identification of, 493 

— Perez, 475 

— portus®!®, identification of, methods for, 

467 

— pcsti®, identification of, methods for, 471 

— proteus, agglutination of, in typhus fever, 

604 

strain OX2, 604 

— -strain OXK, 604 

strain X19, 604 

cultural reaction of, 495 

identification of, methods for, 488 

— pseudotuherculosi® rodenlium, 22 

— in pseudotuberculosis, of guinea-pigs, 23 

— pullorum. 495 

agglutination te®t for, 605 

antigen for, Bushnell-IIudson method, 

complement-fixation test, 639 

— pyoevaneus, identification of, methods for, 

473 

— rbinosclcromatis, identification of, methods 

for, 475 

— sanguinarium, agglutination test for, 605 


Bacillus, continued 

— srnoglnatis, identification! of, methods for, 

485 

— subitihs, 460 

— -—identification of, methods for, 461 

— suipc®tifer, 495 

— suisepticus, 498 

— tetani, bacteriological examination for, 421 

— tubercle, method for examination for, 424 

— tuberculosis, identification of. methods for, 

479 

— tularen®e, 19 

— typhosus, agglutination tests for, 592 
bacterial antigen of, for complement-fixa- 
tion test, 638 

detection of, in bile. 489 

in urine, 489 

identification of, methods for, 488, 491 

isolation of. from feces, 490 

— v, el chi, animal inoculation for, 420 
identification of. 419 

— xerosis, identification of, method® for, 465 

— zur nedden, identification of, method® for, 469 
Bacteria, acetyl-methyl-carbinol production, 

test for. 408 

— acid-fast, in tissue, staining of, 404, 405 

— action on, Wood agar, 409 

carbohydrates, 406 

organic acid®, 407 

— aerobic, rultiration and isolation of, 381. 

See also Aerobic bacteria 

pour plates for, 384 

surface plate for, 383 

— anaerobic. Sec Anaerobic bacteria 

— biological properties of, methods for study 

of, 405 

— cholera red reaction, 408 

— gas produced by, analysis of, 408 

— hemolysin production by, te®t for, 409 

— hydrogen sulphide production by, 408 

— hydrolysis of sodium bippurate by, ferric 

chloride test for, 409 

— in bile, 224, 230 

— in stomach contents, 213 

— in urine, 176 

— indol production by, tests for, 407 

— liquefaction of, coagulated serum by, 406 

— liquefaction of gelatin by, 406 

— methyl red test, 408 

— nitrate reduction by, test for, 407 

— pigment production by, 406 

— staining of, 393 
flagella, 398 
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Bacteria, continued 

in tissue, Brown-Brenn’s stain for, 403 

— — — Goo ci past lire's method for, 402 

— Gram Weigert’s method for, 403 

— — — Pappenheimer’s method for, 403 
spores, 399 

■with Albert’s stain, 397 

— — with borax methylene Hue, 391 
~wilh carbolfuchsin, 395 
— — with Gram’s stain, 391, 395 

— — with methylene blue, 393 
— — with Ljubinaky’s stain, 397 
— —with Neis«er’s stain, 396 

— — with Way son’s stain, 394 

Bacterial allergy, tests for, 686. See also Al- 
lergy 

in relation to vaccine therapy, 686 

Bacterial antigens. See Antigens 
Bacterial count, of milk, Breed method for, 
560 

microscopic, 560 

standard plate method for, 558 

— of water, 564 

Bacterial diseases, complement-fixation test 
for, 637 

Bacterial food poisoning, methods for; 501 
Bacterial vaccines, preparation oi, methods 
for, 540. See also Vaccines 
Bacteriological, control of, infected wounds, 
416 

—culture media, formulas and directions for 
preparation, 355 

— diagnosis, of actinomycosis, 531 
of anthrax, 459 

of aspergillosis, 529 

bacillus coll infections, 486 

of bacillus dysenteriae infections, 493 

of bacillus Friedlander infection, 474 

of bacillus proteus infections, 488 

of bacillus pyocyaneus infection, 475 

of bacillus typhoid and paratyphoid in- 
fections, 488 

of bacillus xerosis infections, 465 

of blastomycosis, 523 

■ — —of brucella infections, 477 
——of chancroidal infection, 469 
——of cholera, 496 

— — of diphtheria, 462 

of erysipeloid, of man, 500 

—of favus, 522 

of fowl cholera, 498 

of gas gangrene, 420 

of gingivitis, 428 

S 


Bacteriological, continued 

of glanders, 475 

— — of gonococcus infection, 454 

— of rat- bile fever, 506 

— — of staphylococcus infections, 4-11 
— —of streptococcus infections, 412 
——of syphilis, 505 

— — -of tetanus, 421 
— — — by animal inoculation test, 422 

— examination, collection and handling of 

material, methods for, 316 
——of bile, 435 

of blood, 439 

— — of bronchoscopic drainage, 430 
— — of cerebrospinal fluid, 314, 432 

of ear, 430 

of eye, 425 

— — of exudates, 295 
— — —pericardial, 431 

peritoneal, 433 

pleural, 431 

of feces, 436 

-of fistulae, 424 

— — of gallstones, 435 
of genital sores, 469 

— — of gingivae, 428 

of lymphatic glands, 422 

— — of mastoids, 430 
of milk, 558 

— — of mouth, 428 

of nasopharynx, 427 

of nose, 426 

of pericardial fluid, 434 

of peritoneal fluid, 433 

j -*■ — of peritoneal transudates, 433 

of pleural fluid, >431 

of prostate gland, 438 

— —of pus, from carbuncles, 414 
— — — from furuncles, 414 

of rectum, 436 

of sinuses, 426 

of skin, 440 

of sputum, 192, 194, 430 

of teeth, 428 

— —of throat, 427 
— • — of tonsils, 427 
——of transudates, 295 
———pericardial, 431 

— — — pleural, 434 
I — — of ulcers, 424 

of urine, 437 

——of urogenital organs, 438 
I ——of water, 564 
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Bacteriological, continued 

of wounds, infected, 415 

gangrene, 417 

— methods, general, 380 

— solutions, 378 
buffer, 378 

sodium chloride, 378 

sodium citrate sodium chloride, 378 

potassium oxalate, 378 

Bacteriology, of bile, 232 

— of exudates, 291 
, — of sputum, 430 

— of transudates, 291 

Bacteriophage, d’Herelle’s method for titrat- 
ing, 555 

— dispensing of, 554 

— for therapy, bacillus coli, preparation of, 

555 1 

staphylococcus, preparation of, 555 

streptococcus, preparation of. 556 

— isolation of, 552 
from feces, 553 

— preparation of, 552 
methods for, 540 

— potency of, titrating for, 555 

— stock, preparation of, 555 

— testing for, in feces, 553 

in sewage, 553 

methods, 554 

Bacteriostatic method for testing disinfectants, 
577 

Bacterium. See Bacillus 
Baird’s formula, 809 

Balance, analytical, methods for using, 694 
Balantidium coli, 267 

— description of, 266 
Banana fibers, in feces, 243 
Banding of fowl, 19 

Bang disease. See Bovine infectious abortion 
and Brucella 

Barber Komp method, malaria! parasites, 115 
Barker’s method, for thiocyanates in blood, 869 
Basal metabolic Tate, method for determina- 
tion of, 763 

Basilar meningitis, spinal fluid changes in, 315 
Basopenia, 89 
Basophilia, 89 

Basophilic, degeneration, of erythrocytes, 95 

— granulation, in neutrophils. 84, 85 

— stippling, of ery throcytes, 94 
Basophils, description of, 80 

— normal range of, 88, 89 
in animals, 62 
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Bass-Johns concentration method, for malarial 
examination, 116 

Beacom’s method for blood smears, 56 
Beck-Hertz method, for demonstration of, 
sickle cells, 96 
Beef corpuscle antigen, 114 
Beef tape worm, 276 

Bence-Jones protein, in urine, detection of,' 
142 

Benedict’s method, for purification of picric 
acid, 725 

Benedict’s picric acid method for dextrose in 
urine, 149 

Benedict’s test, for dextrose in urine, qualita- 
tive, 146 

quantitative, 147 

lest tube method, 149 

Benzidine test, for occult blood, 24 5 

in gastric juice, 207 

• in urine, 161 

Benzoic acid, test for, in milk, 771 
Benzoin colloidal test, of spinal fluid, 313 
Benzol for clearing of tissue, 809 
Berkficld filter, 35 f 
Best’s carmine stain for glycogen, 820 
Bela-oxybutyric acid, in urine, Hart’s test for, 
155 

Beta hemolysis, on blood agar, 409 
Bial’s orcinol test for pentose, in urine, 152 
Bile, acids, in feces, detection of, 247 
in urine. Hay’s test for, 157 

— amylase in, detection of, 226 

— bacteria in, 224 

— bacteriological examination of, 232, 435 

— blood in, 220 

— brilliant green broth, preparation of, 364 

— calcium bilirubinate in, 230 

— cliolesterin crystals in, 230 

— collection of, 215 

■ for bacteriological examination, 323 

materials required, 215 

method for, 215 

vgil for, 220 

— color, 220 

— crystals in, 225, 228, 230 

— cultures of, 219 

for typhoid bacilli, 489 

— drainage, amount, 220 
intubation, 217 

preparation of patient, 216 

sources of difficulty', 219 

stimulants for, 215 ' 

stimulation, 218 
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Bile, continued 

— duodenal cells in, 221, 229 

— epiilielia cells in, 221, 225 
■ "— -short columnar, 222 
— — squamous, 229 
——tall columnar, 223 

— esophageal cells in, 229 

— examination of, 215 

— — macroscopic, 220 
microscopic. 222 

— IWculc in, 220 

— rood in, 225, 231 

— gallbladder cells in. 221, 230 

— gastric cells in, 221, 229 

— giardia m, 221, 231 

— in gastric juice, detection oF, 208 

— kinds of, 218 

— lipase in, detection of, 226 

— macroscopic examination of, 220 

— micro-organisms in, 230 

— microscopy of, 221, 222 

— mucus In, 220, 225, 230 

— myelin threads in, 221, 225, 229 

— oleaginous substance in, 225, 230 

— parasites in, 225, 231 

— pigment in, 225, 231 

— pigments, in urine, Naumann’s test for, 156 
Ro«enbach’s modification of Cmelin’a 

test for, 156 

Van den Bergh test for, in blood, 251 

— precipitate in, 220 

— pus in, 221, 225, 229 

— salivary corpuscles in, 224, 225, 229 

— salts, In urine, Oliver’s test for, 157 

— solubility test, for pneumococci, 409 

— strongyloidea, larvae of, 224, 231 

— trypsin in, detection of, 226, 231 

— uncinaria americana in, 283 
—viscosity of. 220 

— yeast in. 224 
Biliary drainage, 215 

Bilirubin, in blood, normal range of, 713 
Van den Bergh test for, 234 

— in feces, detection of, 247 

— in urine, II up pert’s test for, 156 
Biological properties, of bacteria, methods for 

study of, 405 

acetyl-methyl-carhinol, test for, 408 

action on organic acids, 407 

coagulation of milk, 406 

coagulation of serum, 406 

gas production,’ 406 

analysis of, 403 


Biological properties, continued 

hydrogen sulphide, production, 408 

— — jndol production, 407 

liquefaction* of gelatin, 406 

—pigment production, 406 
proteolytic activity, 406 

— ■ — reduction of nitrates, 407 

rennindtle enzyme, production of, 406 

——study of colonies, 405 

— — sulphurated hydrogen, production of, 409 
Uioimtrical examination of spermatozoa, 818 
Blaekbcrg-Wangrr’atesl for melanin in urine, 163 
Blackleg, bacillus of, 419, 499 

Bladder worms, of rabbits, 25 
Blastomycosis, diagnosis of, 523 
— — by cultural method, 523 

— — examination of tissue for, 524 

— forms of. 523 

Blastomycutic dermatitis, diagnosis of, 523 
Blastomyces homini*. 523 

— cultural characteristics, 524 

— in tissues, 524 
BIa*toc>tis hominis, 262 

— description of, 267 
Blastospore, 515 
Bleeding, animals, 17 

— cow, method for, 4-1 

— dog, method for, 44 

— fowl, method for, 4S 

— guinea pig, method for, 42 

— hog, method for, 44 

— horse, method for, 44 

— rabbit, method for, 40 
from the ear, 41 

— sheep, 43 

— time, method for determining, 100 
in hemophilia. 100 

Blood, agar, action of b'arteria on, 409 
heated, preparation of, 370 

— amino acids in. determination of, Folin’s 

method for, 723 

— Ameth index of, 80, 81 

— apparatus cleaning of, 63 

— bacteriological examination of, 326, 439 

— bilirubin, quantitative lest for, 235 

— bleeding time of, method for determining, 

100 

— calcium, determination of, Clark Collip 

method for, 742 

— calcium lime of, method for determining, 

101 

— carbon dioxide capacity of, determination 

of, 735 
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Blood, continued 

Van Slyke-Cullen method, 735 

— carbon monoxide, detection of, 783 

— carotin, determination of, Johnson method 

for, 751 

— casts, in urine, 176 

— chemical examination of, methods for, 709 

— chemistry, normal values, table of, 712 

— chlorides, determination of, Whitehom 

method, 739 

— cholesterol, determination of, Bloor’s meth- 

od, 746 

Myers-Wardell method for, 7 44 

— cleaning of slides for, 56 

— clot retraction time of, determination of, 102 

— coagulation of, 844 

— coagulation time of, method for determin- 

ing, 99 

— collection of, for chemical examination, 709 
for culture, 324 

for serological tests, 579 

from finger, 583 

from infants, 581 

from jugular vein, 585 

from longitudinal sinus, 585 

— color index of, determination of, 73 

— concentration of, for detection of trypano- 

somes, 121 

— corpuscles, red. Sec Erthrocytes 
— ■ — white. See Leukocytes 

— counting apparatus, cleaning of, 63 

— creatine plus creatinine, determination of, 726 

— creatinine, determination of, Tolin-Wu 

method for, 724 

— culture, Cecil-Nicholls’s method for. 326 
choice of medium for, 326 

citrate method for, 325 

f or bacillus anthracis, 461 

for typhoid bacilli, 488 

Krache’s broth for, preparation of, 361 

method, for, 324 

anaerobic, 325 

clots, 325 

— massive, 326 

routine, 325 

typing of pneumococci in, 453 

— detection of, tubercle bacilli in, 484 

— direct matching of, for transfusion, 609 

— erythrocytes, abnormal, 93, 94 
counting of, 68 

—diameter of, methods for determining, 96 

fragility test of, method for, 105 

normal, 93, 94 


Blood, continued 

sedimentation rate of, methods for deter- 
mination, 102 

tonicity of, Sanford’s method for, 107 

test for, 105 

— examinations, apparatus for, 52 

— filaria hancrofti, description of, 118 
larvae of, 119 

■ — filaria loa, description of, 118 

— filaria pernans, 118 

— flukes in, schistosoma hematobium, 275 

— grouping, medicolegal application of, for 

exclusion of patemitv, 614 
method for, Landsteiner’a, 612 

— — ; type sera for, method for preparation, 614 
sources of error, 613 

— groups, international, 607 
‘Jansky, 607 

Landsteiner, 607 

Moss, 607 

occurrence of in U. S-, 607 

— hemoglobin, estimation of, 64 

Haden method, 65 

Osgood-Haskins method, 65 

— photo-electric-cell method, 67 

Sahli method, 64 

— icterus index of, method for, 233 

— in feces, 244 

— in gastric juices, 212 ? 

— in urine, detection of, 161 

— infectious mononucleosis, test for, David- 

sohn’s differential, 113 
presumptive, 110 

— inorganic phosphorus, determination of, 

, Fiske-Subbarow method, 741 

— iron, determination of, 755 
Wong method for, 755 

— Leishman-donov an bodies in. 124 

— leukocytes of, normal, 60, 62. See also Leu*' 

kocytes 

abnormal varieties of, 86 

granulocytic series, 86 

basophilic my elocy te, 87 

eosinophilic myelocyte, 87 

myeloblasts, 86 

neutiophilic myelocyte, 87 

premyelocyles, 86 

lymphoid - series, lymphoblast, 87 

lymphocytes, young forms of, 87 

Turk’s irritation forms, 88 

differential count, normal, for adults, 90 

method for, 88 

— lipase in, test for, 852 
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Blood, continued 

neutrophilic, classification of, 84 

ctaS'i fical inn of, 79 

— malaria, examination for, Barber Komp 

thick smear method, 115 
— — . — BtrherKomp methnil, 115 

— concentration method of Ba-n-Johiu, 

116 

— laboratory diagnosis, 115 

— thin smear method, 115 

— — plasmodtum falciparum, 117 

pia*modium malariae (quartan malaria), 

117 

plasmodium vivax. 116 

— mean, corpuscular hemoglobin, method for 

determining, 74 

— — corpuscular hemoglobin concentration of, 
method for determining, 75 

— — corpuscular volume, 73 
•——•—determination of, 73 

— melhemogfobin in, determination of, 754 

— microfilaria, methods of examination for, 

118 

concentration method, 118 

direct method, 118 

staining method, 118 

species identification of, 118 

— neutrophils in, clas'ification of Arnelh’s, 81 
Cooke- Ponder’s, 82 

— • — — Pons Krumbaat’e. 83 

Schilling's, 81 

qualitative changes in, 80 

Schilling’s index oT, 84 

— -nonprotein nitrogen in, determination of, 
719 * 

FoltnWu method for, 719 

table for, 722 

— obtaining of, 53 

for cell count, SI 

from finger, 55 

from animals, 40 

from cow, 44 

from dog. 44 

from fowl, 45 

from guinea pig, 42 

— — from hog, 44 
——from horse, 44 

— from rabbit, 40 

— - — from sheep, 43 
—occult, test for, 244 

— oxalated, method of using, for hematologi- 
cal examinations, 58 

——tubes for chemical examination, 710 


Blood, continued 

— oxygen, capacity of, determination of, 752 
— — iin«uturation of, 754 

— packed erythrocytes in, determination of, 

finger method for, 71 
— — — 1 laden Sanford’s method for, 71 

— phagocytic power of, Boerner-Mudd method 

for, 108, 109 

— phosphatase, determination of, 756 
— — — IJodansky’s method, 756 

— phosphorus, inorganic in', Fiske-Subharow 

method, 741 

— pipe!*, Thoms diluting, 52 

— — Trenner automatic, 52 

— platelets, counting of, diluting fluid for, 99 
— — — Fonio’s method for, 98 

— preparation, of films, Haden’s method for, 

59 

of glassware, for chemical examination, 

709 

— pretransfusion tests of, 607 

— protein-free filtrate, preparation of, for 

chemical examination, 711 

— prothrombin time of, method for determi 

nation, 101 

— reticulocytes in, method for counting, 97 

— saturation index of, method far determin- 

ing. 75 

— sedimentation, chart, 106 
curves, 194 

pipet, 105 

rale, 194 

time, 104 

— serum, albumin in, determination of, 747 

— — Grrcnberg method for, 749 

— — globulin in, determination of, 747 
Creenberg method for, 749 

— smears, preparation of, 56 

Bearom method, 56 

staining of, 76 

Gierasa’s method for, 77 

Jenner’s method for, 77 

Pappenheim’s pyronine methyl-green 

method for, 78 
— — — Wright’s method, 77 

— — taking blood for, 57 

— spirochetes in. See Borrelia 

— stains, identification of, test for, 676 
precipitation lest for, 676 

— — Teischmann’s test for, 795 

— sugar, determination of, Folin-Wu method 

for, 728 

micromethod for, Folin-Malmros, 732 
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Blood, continued 

table of values for, 730 

normal range of, 712 

tolerance, determination of, 731 

one-liour two dose test, E\ton-Rose, 735 

true values, 731 

— sulfanilamide in. determination of, 865 

— sulfapyridine in. determination of, 867 

— sulfathiazole in, determination of, 867 

— supravital staining of, 78 

• — thiocyanates in, determination of, 869 

— trichinella spiralis in, methods for exami- 

nation, 119 

for larvae, 119 

— trypanosomes, methods of examination, 120 
animal inoculation, 121 

complement-fixation test. 121 

concentration of blood, 121 

of lymph glands, 121- * 

of spinal fluid, 121 

species identification of, 122 

trypanosoma cruzi, 122 

trypanosoma gambiense, 122 

trypanosoma rhodesiense, 122 

— types of, 607 

— urea nitrogen, calculation for, 719 

— determination of, 714 

Keller’s roicroroethod, 716 

Van Slyke manometric method for, 716 

manometric reading for, 718 

— uric acid, determination of, Brown’s method 

for, 727 

— Van den Bergh test, for bilirubin, 234 
— volume index, determination of, 72 

— volume of packed cells in, method for de- 

termining, 70 

Blood-milk, forculturemedia,preparationof, 363 
Bloor’s method, modification of. for hlood 
cholesterol, 746 
Blow fly, 538 

Boas Oppler bacillus, in gastric juice. 213 
Bock-Benedict colorimeter, 733 
Bodanskv’s method, determination of blood 
phosphotnse, 756 
Body lou c e, 537 

Boeke-Drbolav Locke, egg-serum, 261 
Boerner-Lukens method, for colloidal gold 
test, 310 

Boerner-Lukens, method for titration of anti- 
gen, for complement-fixation le“t, 627 
Boemer-Mudd method for. phagocytic power 
of whole hlood, 108, 109 
Boerner-Mudd shaking apparatus for phago 
cytosis, 109 
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Boemer-Stubbs method, bacillus abortus anti- 
gen, 639 

Bone, methods for decalcificalion of, 827 

formic acid, 828 

hydrochloric acid. 827 

Muller’s fluid, 827 

nitric acid, 827 

Waggoner’s solution, 828 

Zenker’s fluid, 827 

— methods for, dehydration of, 828 
embedding of, 828 

sectioning of, 826 

staining of. 828 

Delafield’s hemotoxylin, 828 , 

Hansen Bock technic, 828 

Bone marrow, cellular content of. 111 

method for examination of, 110 

— method of expressing from a rib, 829 

— section of, methods for preparation of, 830 

methods for staining of, 830 

Custer's modification of Azure.. 11- 

Eosin method, 833 

Ellerman modification of .May-Grun- 

vvald technic, 831 1 

Borax in milk, test for, 772 
Borchardt’s test for levulose, in urine. 151 
Bordet-Gengou bacillus. See Hemophilus per- 
tussis 

Boricacid, detection of, in urine, tissues, etc.,787 

— preservative for urine with, 128 

— test for, in milk, 772 
Borrelia novyi, 504 
Borrelia recurrentis, 504 
Borrelia vincentii, 502 
Botulism, 501 

Bouin’s fluid, for fixation of tissues, 807 
Borov skaja’s modification, for colloidal gold 
test, 307 

Brain, examination of, for Negri bodies, 508 

— tumor, spina] fluid changes in, 315 
Bratton and Marshall’s method for sulfanil- 
amide in hlood and urine, 865 

Bronchial casts, in sputum, 194 
Breedmetliod,forconntingbacteria,in milk. 560 
Breed-Brew capillary pipet. 560 
Breed Brew guide plate, 560 
Breed Brew ocular micrometer disk, 561 
Brice hlood typing plate, 612 
Brice’s macroscopic agglutination test, for di- 
rect matching of hlood. 611 
Brill’s disease, agglutination of bacillus pro- 
tens in, 604 

Brine-flotation method for ma, in feces, 
271 
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Brorncresol, pi I Tange of, 34-1 
Bromine, del ection of, 793 
Bromsulphthalein te«t, method for, Rosenthal- 
While’a, 239 

normal range of, 713 

Bromthymol blue, pH range of, 344 
Bronchial casts, in sputum. 193 
Bronchial secretions, collection of, for bac- 
teriological examination, 319 

ClerTs collector for, 320 

Tucker’s collector for, 319 

Broncholilhs, in sputum, 194 
Bronchoscopic drainage, bacteriological ex- 
amination of, 430 
Broth, ascitic, preparation of, 359 
with carbohydrates, preparation of, 359 

— bile brilliant green, preparation of, 36 t 

— blood culture, Kracke, preparation of, 36l 

— extract, preparation of, 358 

— extract carbohydrate, preparation of, 358 

— fermented infu*ion carbohydrate, prepara- 

tion of, 359 

— glucose, preparation of, 362 

— glucose brain, Rosenow’s modification, 

preparation of, 360 

— lluntoon’a hormone, preparation of, 360 

— infusion, preparation of, 359 

— nutrient, A.P.H.A. standard method for 

preparation, 358 

— sodium hippurate, preparation of, 355 

— starch, preparation of, 362 

— tryptic digest, preparation of, 365 

— veal infusion, preparation of, 364 

— with cube of egg white, preparation of, 362 
Brown Brenn’s stain for, bactena in tissue, 403 
Brown's anaerobic jar, 388 

Brown’s meihod for blood uric acid, 727 
Brucella abortus, agglutination test. Huddle- 
son's method, 597 

interpretation of, 601 

antigen, preparation of, 598 

standardization of, 599 

— identification of, methods for, 477 

complement-fixation test, 639 

Brucella infections, agglutination tests for, 596 
—•diagnosis of, 477 

— — selection of animals for, 22 
— • — oposono-phagocytic test for, 478 
Brucella melitensis, identification of, methods 
for, 477 

Brucella suis, identification of, methods for, 
477 

Brucine, detection of, 791 


Brunn’a glucose medium, 805 
Bubonic plague, bacteriological diagnosis of, 
471 

BuJTer solution, 378 
— for Wright’s stain, 77 
Buffer standards, for titrating culture media, 
311 

Burke’s modification, of Gram’s stain, 391 
Bumam’s test for formaldehyde, in urine, 161 
Bums, treatment of, chemical, 48 

eye, 49 

— — flames, 48 
— —hot objects, 48 
strong alkalis, 48 

Bum’s india ink method, for spirochetes, 402 
Bushnell-Hudson's method, for preparing an- 
"tigen of bacillus pullorum, 639 


Cabot ring bodies, 91, 95 

Cages, animal, 18 

Calcium bilirubinate, in bile, 230 

— in feces, 252 

Calcium, blood, Clark-Collip method, deter- 
mination by, 742 
normal range of, 7 12 

— carbonate crystals in urine, 168 

— oxalate crystals in urine, 165 

— time, of blood, determination of, 101 ’ 
Calculator, Marble blood cell, 53 
Calliphnrs vomitoria, 538 
Cameron-WiUiam'a liver infusion medium, 362 
Capillary pipet, lor counting bacterial vac- 
cines, 5U 

Capsules, method for staining. Cram's, 400 
Hiss’s copper sulphate, 400 

— — india ink method for, 401 
lluntoon’s, 400 

Welch’s, 400 

Carbohydrates, action of bacteria on, 406 
Carbolfuchsin, staining of bacteria with, 395 

Kinyoun’s, 396 

Ziehl-Ncelson's, 395 

Carbon dioxide, capacity, of blood plasma, 735 

normal range of, 712 

Carbon monoxide, in blood, detection of, 783 

normal range of, 713 

Carbuncles, bacteriological examination of, 
414 

Cardioid condenser, 14 
Carlsliad salts, artificial, 839 
Carotin, determination of, Johnson’s method 
I for, 751 
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Carriers, of meningococcus, detection of, 457 
Casares-Gil method, for staining flagella, 399 
Casein, in cow’s milk, determination of, 770 
Casoni intradermal test, for echinococcus 
disease, 281 

Caustic soda. Sec Sodium hydroxide 
Casts, bronchial, in sputum, 194 
Casts, urinary, 172 

Cat, blood cells in, normal ranges of, 62 

— liver fluke of, 274 

Cattle, agglutination tests for brucella infec- 
tion, 597 

• — blood cells in, normal ranges of, 62 
Caudate epithelial cells, in urine, 170 
C-bile, 218 

Cecil-Nicholls’ method, for blood cultures, 326 
Cedar-wood oil for clearing of tissue, 809 
Cell count, Addis, of urine, 189 

— of blood, differential, 88 

erythrocytes, 68 

leukocytes, 75 

— of cerebrospinal fluid, differential, 302 
total, 301 

— of exudates and transudates. 292 
Celloidin method, for embedding, of tissue, 812 

— for infiltration of tissue, 812 
Cerebrospinal fluid, anticomplementary, com- 
plement-fixation test with, 631 

Sach’s method for, 636 

— bacteriological examination of. 314, 432 

— cell count of, differential, 302 
procedure for, 301 

— changes of, in disease, 315 

— chart for recording examination of, 311 

— chlorides in, quantitative estimation of, 306 

— coagula in, 300 

— collection of, 296 s 

— • — for bacteriological examination, 322 

— colloidal benzoin test of, 313 
reagents for, preparation of, 313 

— colloidal gold test of, 308 

— —reagent for, Krridler-Smali test for, 308 

titration of saline solution for, 308 

reactions, 310 

— colloidal mastic test, Cutting’s, 312 
reactions, 312 

reagents for, preparation of, 312 

— color of, 300 

— complement-fixation test with, 629 
Eagle modification, 855 

Kolmer modification, 632 

Kolmer simplified, 853 

. — evtodiagnosis of, 302 
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Cerebrospinal fluid, continued 

— dextrose in, 305 

— differential cell count of, 302 

— examination of, 296 

-for encephalitis, 299 

for meningitis, 299 

for poliomyelitis, 299 

for syphilis. 299 

physical, 300 

routine, 299 

— freezing point of, 300 

— Fuchs-Rosenthal ruling for, cell counts of, 301 

— in disease, 315 

— Kolmer chart for, 311 

— Lange’s colloidal gold test, 306 

Boemer-Lukens method for, 310 

reagent for. 306 

preparation of, Borowshaja's modifica- 
tion, 307 

short method for preparation, 307 

— testing of before use, 307 

— • Levinson test, for tuberculous meningitis, 303 

— meningococcus in, identification of, 455 

— pneumococci in, typing of, 453 

— preparations of, for complement-fixation 

test, 622 

— pressure of, 297, 298 

— protein in, detection of. 302 
qualitative detection of, 302 

quantitative estimation of, Esbach's test 

for, 304 

Kingsbury, Clark, Williams and Post 

method, 304 

— Nonne-Apelt’s test for, 303 

— Sicard-Cantelouble method for, 30 4 

Pandy’s test for, 302 

Ross-Jones test for, 303 

— reaction of, 300 

— sediment in, 300 

— specific gravity of, 300 

— sugar in, qualitative detection of, 305 
quantitative determination of, 305 

— total cell count of, 300 
interpretation of, 301 

— transparency of, 300 

— tryptophan test, tuberculous meningitis, 303 

— tubercle bacilli in, detection of, 481 
Cestoda. See Tape worm 

Chagas’ disease, 120 
— trypanosoma eruzi, 122 
Chamberland-Pasteur filter, 353 
Chancre material, method of securing, 329 
Chancroid, collection of material from, 330 
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Chancroidal infection, bacillus of Ducrey in, 
identification of, 469 
Charcot-Leyden crystals in feces, 252 

— in sputum, 191, 196 ^ 

Chemical examination, of blood, methods for, 

709 

— of exudates, 291 

— of human milk, 772 

— of transudates 291 

Chemical sterilization, of bacterial vaccines, S47 
Cherry and Crandall’s serum lipase lest, 852 
Chicken, bacillary white diarrhea of, aggluti- 
nation lest for, 605 

— — complement 'fixation test, 639 

— blood cells in, normal ranges of, 62 
Children, leukocytes in, 89 
Chilomastix mcsnili, cysts of, 261 

— description of, 264 
Chtamydosporc, 515 

Chlorides, blood, determination of, Whitehorn 
method for, 739 
normal range of, 712 

— in cerebrospinal fluid, quantitative estima- 

tion of, 306 

— in urine, Volhard Harvey test for, 162 
Chloroform, for clearing of tissue, 809 

— preservative for urine, 129 
Chocolate agar, preparation of, 370 

— tellurite, 372 
Cholera red reaction, 408 
Cholera vibrio, identification of, 496 
animal inoculation for, 497 

— examination of water for, 498 

— of fowls, diagnosis of, 498 

— Pfeiffer bacteriolysis test for, 497 
Cholesterin crystals, in bile, 230 

— in feces, 252 

Cholesterol, Mood, determination of, Bloor’a 
method, modified, 746 

Myers Wardcll method for, 744 

normal range of, 712 

Chopra’s antimony test, for diagnosis of Kafa- 
azar, 124 

Chorionepilhclioma, diagnosis of, 177, 179 
Christiansen’s method, for preparation of Melt 
tubes, 209, 210 
Clirysomyia macellaria, 538 
Ciliates, intestinal, examination of feces for, 
266 

Citrate, agar, Simmon’s, preparation of, 369 

— medium, Koser, preparation of, 357 
Clark Collip method for blood calcium, 742 
Clark color comparator, 3 45 


Clark, Kingsbury, Williams, and Post method, 
for estimation of protein, in cerebrospinal 
fluid, 391 

— for albumin, in urine, 137 
Classification, of anemias, 61 

— of leukocytes, 79 

— of neutrophils, Ameth’s, 81 

Cooke -Ponder's, 82 

Schilling’s, 81 

— of parasites, of skin, 531 
Cleaning, Mood apparatus, 63 

— of cover glasses, 334, 335 

— of counting chambers, 63 

— of flasks, 335 

— of glassware, 334 
— — cloudy. 335 
new. 334 

— • — used, 334 

— of microscope, 6 

— of Petri dishes, 33S, 336 

— of pipris, 63, 334, 335 
-of slides, 334, 335 

— of test tubes, 331, 335 

— solution, for glassware, 335 
Clearing of culture media, 350 

ClerPa collector, for bronchial secretions, 320 
Clonorchis endemicus. See Clonorchis sinesis 
Clonorchis sinensis, identification of, 274 

— ova of, 272 

Clostridium aerofoetidum, identification of, 
419 

— botulinum, identification of, 419 
toxins of, 502 

— chauvoei, identification of, 419, 499 

— fallax, identification of, 419 

— histolyticum, identification of, 419 

— mullifermentans, identification of, 419 

— oedematiens, identification of, 419 

— sordelli, identification of, 419 

— sphenoids, identification of, 419 

— sporogenes, identification of, 419 

— letani, identification of, 4f9 

— letanomorphum. Identification of, 419 

— terlium, identification of, 419 

— wekhii, identification of, 419 

Clot retraction lime, determination of, 102 
( inudy glassware, cleaning of. 335 
Cnagula, in cerebrospinal fluid, 300 
Coagulation of exudates, 291 
Coagulation lime, of Mood, method for de 
termining, 99 

— determination of, capillary tube method for, 

99 
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Coagulation-time, continued 

drop method for, 100 

— . — venous puncture method for. 100 
Cocn-Ramsdcll animal board, 26 
Coca’s extracting fluid, 680 
Cocaine, detection of, 791 
Coccidia, examination for, in feces, 266 

— identification of, 267 

— i=osporo belli, 267 

• — isospora hominis, 267 

Coccidiodal granuloma, diagnosis of, 524 

by animal inoculation, 525 

— — cultural method, 525 

• direct method, 524 

Coccidioides, 525 
Cotcidiosis. of rabbits, 24 
Cocco-bacillus foetidus orenac, 475 
Cochliomjia macellaria. 538 
Codeine, detection of, 791 
Coefficient, phenol, of disinfectants, 575 
Cold-agglutinins, for erythrocytes, 608 
Coli-aerogenes, in water, completed test for, 

567 

confirmed test for, 566 

detection of, 566 

fecal and non-fecal types, 568 

presumptive test for, 566 

reactions of, 569 

Collagen, aniline blue stain fori 818 

— Van Gieson’s stain for, 819 
Collection, of blood, at autopsy, 584 

for serological tests, 580 

from jugular \ein, 585 

from longitudinal sinus, 585 

— • — Kcidal tube for, 582 

— of human milk, 772 

— of semen, 845 

— of serum, for serological tests, 580 
normal, 586 

— of water, for bacteriological examination, 564 
Colloidal benzoin test, of spinal fluid, 313 
—-reagents for, preparation of, 313 
Colloidal gold test, of cerebrospinal fluid, 306 

— Boerner-Lukens method for, 310 

— reactions of, 310 

— reagent for, Kreidler-Small test for, 308 

method of testing, before use, 307 

preparation .of, 306, 307 

— titration of saline solution for, 308 
Colloidal mastic test, of spinal fluid, 312 

— reactions, 312 

— reagents for, preparation of, 312 
Colonies, study of, methods for. 405 


Color, of bile, 220 

— of cerebrospinal fluid, 300 

— of feces, 242 
I — of urine, 129 

Color-index of blood, 61 

— determination of, 73 

— normal ranges, 60 
Colorimeter, Bock-Benedict, 733 

— Duboscq, 690 

— Dunning, 187 

— Ilellige, 733 

— for titrating culture media, 346 
Colorimetric methods 689 

— for titrating culture media, 344 
Colorimetry, 689 

Columella, 515 
Complement, defective, 633 

— lyophile, for complement-fixation test, 620 

— preparation of, for complement-fixation 

test, 619 

— preservation of, cryochem process for, 589 
lyophile process for, 588 

— titration of, for complement-fixation test, 

623 

Complement-fixation test, analysis of difficul- 
ties, 633 

anticomplementary antigen, 633 

anticomplementary sera, 633 

defective complement, 633 

defective corpuscles, 633 

defective hemolysin, 633 

defective saline solution. 633 

— anticomplementary sera/ Sach’s method for, 

' 636 

— anticomplementary spinal fluids, 634 

— antigen, Eagle’s, preparation of,' 855 
titration of, 856 

Kolmcr’s, preparation of, 620, 621 

original, 620 

new, 621 v 

titration of, 527, 625 

— antisheep hemolysin, preparation of, 619 

— bacterial, qualitative test, 642 
quantitative test, 642 

— bacterial antigens for, brucella abortus, 638 
glanders, 638 

gonococci, 638 

Price method. 638 

preparation of, 637 

titration of, 639 

pullorum bacilli, 639 

tuberculosis, 637 

typhoid bacilli, 638 
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Complement-fixation, continued 

— cleaning glassware for, 617 

— complement for, defective, 633 
preparation of, 619 

— — preservation of, cryochem process, 620 

— Flosdorf Mndd method, 620 

— complement titration, 623 

— defective corpuscles in, 633 
-•-defective hemolysin in, 633 

— defective saline solution in, 633 

— echinococcus antigen for, 643 

— for bacterial diseases, 637 

— for contagious abortion, 637 

— for dourine, 121 

— for echinococcus disease, 642 

— for glanders, 637 

— for gonorrhea, 637 

— for syphilis, 616 

— Eagle modification, 855 

— Kolmer modification, 628, 630 
simplified, 853 

— for trypanosomiasis, 612 

— for tuberculosis, 637 

— for typhoid fever, 637 

— indicator antigen for, 617 

— quantitative method, 628 

— — reactions, interpretation of, 630 

— recording and reporting of, 630, 631 

— saline solution for. 617 

— serum for, preparation of, 621 

— sheep corpuscles, preparation of, 617 

— titration of hemolysin, 622 

— with anticomplementary exudates, 63 1 

— with anticomplementary sera, 631 

— with anticomplementary “pinal fluid, 634 

— with anticomplementary transudates 634 

— with dog sera, 644 

— with exudates, 291, 615 

— with milk, 645 

— with mule sera, 614 
— .with rabbit sera, 644 

— with small amounts of serum and spinal 

fluid, 632 

- — with spinal fluids, preparation of, 622 

— with transudates, 291, 645 
— with urine, 645 

Concentration method, for detection, of cysts 
of amebae, 261 
——of malarial parasites, 116 

— for microfilaria, 118 

— for ova, 268 

Shear’s method, Benbrook modification, 

268 


Concentration method, continued 

— for tubercle bacilli, 482 
Condenser, AbbS, 4 

— for dark field, 14 

Confirmed test for coli aerogenes, in water, 566, 
567 

Conidia, 515 

Conidiospore, 515 

Corrective tiVuc, in feces, 251 

— Masson's trichrome staining methods for, 

836 

Contact lest for allergy, 684 
Contagious abortion, 637. 5ee also Brucella 
abortus 

Convalescent serum, method for preparation 
of, 586 

— collection of, 586 

Cooke- I’onder's, classification of neutrophils, 
82 

Cordylobia anthrophaga, 539 
Coremium, 515 

Corynebaclerium diplitheriae, Identification of, 
methods for. 462. See also Bacillus diph- 
theriae 

Comebactenum hoffmanii, identification of. 
465 

Corn-liver medium, preparation of, 363 
Commcal agar, preparation of, 367 
Corper Uyet method for cultivating tubercle 
bacilli, 483 

Cough plate s, for bacillus pertussis, 467 
Counter, blood, Veeder, 53 
Counting apparatus, Stewart, 559 

— bacteria, in milk, 558, 560 

— — in vaccines, methods for, 543 
in water, 564 

— platelets, diluting fluid for, Leake Cuy’s, 99 
Rees-Ecker’s, 99 

Fomo’s method for, 98 

— reticulocytes, method for, 97 

— spermatozoa in semen, 846 
Counting chamber, blood, 53 

— for urine, 165 

— for cerebrospinal fluid^.301 

Cover glass, for blood counting chamber, 53 
Cow, obtaining blood from, 44 
Cow's milk. See Milk 

— chemical examination of, 765 
Crab lou«e, 538 

Cream, fat in, determination of, 767 
Creatine, blood, normal range of, 712 
Creatine plus creatinine, method for determi- 
nation of, 726 
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Creatinine, blood, determination of, 724 
— ' ’ — FolinAVu method for, 724 

normal range of, 712 

Cryochem process, for presen ing complement 
and sera, 589 

Crystals, Charcot-Leyden, in feces, 252 
in sputum, 191, 196 

— cholesterin. in feces, 252 
in bile, 225, 228, 230 

— fatty acid, in feces, 249 

— hemin. 796 

—in bile, 225, 228, 230 

— in feces, 252 

— in urine, 165, 167, 168 
Cryptococcus hominis, 530 
Cultivation, of aerobic bacteria, 381 

— of anaerobic bacteria, 386 
— . — Brown’s jar for, 388 

increased CO.- tension for, 389 

jar methods for, 387 

liquid tubes. 388 

Mclntosli-Fildes jar for, 387 

pyrogallate methods for, 387 

Smillie’s apparatus, 388 

Spray plate method for, 387 

Weiss-Spaulding apparatus for, 389 

Culture media, agar-agar for, 342 
— ascitic broths, preparation of, 359 
ivitli carbohydrates, method for prepara- 
tion of, 359 

— basic constituents of, 339 

— bile brilliant green broth, preparation of, 

364 

— Hood milk, preparation of, 363 

■ — broth with cube of egg white, preparation 
of, 362 

— chocolate agar, preparation of, 370 

— clearing of, 350 

— cooked meat infusion medium, preparation 

of, 361 

— corn-liver medium, preparation of, 363 

— cornmeal agar, preparation of, 367 

— cjstine infusion agar, preparation of, 371 

— dehydrated, 339 

— desoxycholate agar, preparation of, 375 
citrate, preparation of, 375 

lactose, preparation of, 376 

— Dorset's egg medium, preparation of, 374 

— eosin methylene blue agar, preparation of. 

375 

— extract, agar, preparation of, 366 
— • — broth, preparation of, 358 

carbohydrate broths, preparation of, 358 


Culture media, continued 
gelatin, preparation of, 368 

— fermented infusion carbohydrate broth, 

preparation of, 359 

— filtration of, 350 

— for testing disinfectants, hygienic labora- 

tory method, 570 

Kolmer bacteriostatic methods, 577 

— gelatin for, 341 

— glucose, agar, preparation of, 368 

brain broth, Rosenow's modified, prepara- 
tion of, 360 
broth, 362 

— glycerol agai, preparation of, 368 

— heated blood agar, preparation of, 370 

— hemo-peptone water, preparation of, 356 

— honey agar, preparation of, 367 

— Huntoon’s hormone broth (modified), 

preparation of, 359 

— indicators for, use of, 349 

— infusion agar, preparation of, 367 

with ascitic fluid, preparation of, 370 

with blood, preparation of, 370 

with serum, preparation of, 370 

— infusion broth, preparation of. 359 

— infusion gelatin, preparation of, 368 

— Koser citrate medium, preparation of, 357 

— Kracke blood culture broth, preparation of, 

361 

— Krumvviede triple sugar agar, preparation 

of, 369 

— lead acetate agar, preparation of, 368 

— liver infusion agar, preparation of, 371 

— liver infusion, medium, preparation of, 362 

— Locke-egg serum medium, preparation of. 

377 

— Liiffler’s medium, preparation of, -372 

— Long’s synthetic medium, preparation of, 

377 

— malonate medium, preparation of, 357 

— meat, extract for, 340 
infusion for, 340 

— methyl red, Voges-Froskauer medium. 

preparation of, 357 

— milk, preparation of, 363 

— nitrate, hemo-peptone water, preparation of, 

357 

peptone water, preparation of, 356 

— nutrient, agar, A.P.H.A. standard method, 

preparation of. 366 

broth, A.P.H.A. standard method, 

preparation of, 358 

— pertussis blood agar, preparation of, 370 
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Culture media, continued 

— peptone, iron agar, preparation of, 369 
— — water, Dunham solution, preparation of, 

356 

— peptones for, 339 

— Petragnini medium, preparation of, 374 | 

— phenol red tartrate agar, preparation of, 369 

— potato medium, preparation of, 373 

— powdered, 339 

— preparation of, methods for, 338 

— — formulas and directions for, 335 

— reaction of, methods for determining, 312 

— Russel’s double sugar agar, preparation of, 

368 

— Sabouraud's, dextrose agar, preparation of, 

366 

— — maltose agar, preparation of, 367 

— eelenne-F enrichment medium, preparation 

of, 363 

— semtsolid media, preparation of, 365 
for fermentation test, 365 

— serum, preparation of. 359 

— serum with ca rim hydrates, preparation of, 

359 

— Simmon’s citrate agar, preparation of. 369 

— sodium oleate agar, preparation of, 370 

— sodium bippurate broth, preparation of, 

359 

— starch broth, preparation of, 362 

— sterilization of, by filtration, 353 
— — with heat, 350 

— tellurite chocolate agar, preparation of, 372 

— tellurite cystine agar, preparation of, 372 

— testicular infusion agar, preparation of, 373 
— titrating of, colorimetric method, 311 
electrometric, 342 

Gillespie’s standards for, 316 

phenolphthalein method for, 317 

— tomato juice agar, preparation of, 371 

— triple N.N.N. medium, preparation of, 376 

— tryptic dige«t broth, preparation of, 365 

— teal infusion broth, preparation of, 361 

— whey agar, preparation of, 374 
Cultures, examination of, 390 

hanging-drop method, 391 

unstained, 390 

Curschmann's spirals, 194 

Custer's method for infiltrating and embed- 
ding of tissue, 813 

Cu«ter’s modification of Azure 11-Eosin 
method, for staining of bone marrow, 833 
Cutaneous myiasis, 538 
Cutaneous test, for allergy, 682 


Cutler'# sedimentation chart, 106 
Culler"# sedimentation tube, 103, 101 
Cuts, treatment of, 48 

Cutting’s colloidal ntaslic test, of spina! fluid, 
312 

— reactions of, 312 

— reagents for, preparation of, 312 
Cyanide, qualitative tests for. Liebig’s, 785 

— —phenolphthalein test, 786 

. picric acid te«t, 786 

Prussian blue test, 785 

ScliiinbelnV, 785 

—silver test, 786 

— — Vortmsnn’s, 786 

— quantitative test for, 786 
Cylindmids, 176 

Cysts, of omebae, detection of, 255 

— of chilomastic meimili, 261 

— of ends mocha coll, 256 

— of giardia inteslinalis, 266 

— of trichina spiralis, 286 

— of trichomonis homini*, description of, 264 
Cystine, crystals of, in urine, 166 

— in finger nails, 759 

— infusion agar, preparation of, 371 
Cy stiti#, urinary findings in, 175 
Cytodiagnosis, of cerebrospinal fluid, 302 

— of effusions, Mandelbaum’s method for, 294 

— of exudates, 292 

— of transudates, 292 

Cytologic study of body fluid, tumor cells, 836 
Cytology, of exudates, 291 

— of transudates, 291 

Cytoplasmic stain. Masson trichrome staining 
methods, 836 


Dakin*# solution. fl*say of, 703 

— preparation of, 703 

ILS PJCI, modified, 703 

Dark field, assembly, 13 

— condenser, 14 * 

— .. — substage, 392 

— illumination for, 14 

— illuminator, 13 

gardioid, 14 

paraboloid. 13 

— objectives for, 14 

— preparation of material, 15 

— Zeiss assembly for, 391 
Dark-field examinations, 392 

— methods for, 15 

— microscopy, 13 
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Davidsohn’s test, for infectious mononucleosis, 
differential, 113 

presumptive, 110 

D-bile, 218 

Degenerative index, of neutrophils, 86 
Dehydrated culture media, 339 
Delafield’s hematoxylin. 814 

— for staining of bone, 828 

Delayed digestion, acid curve in gastric 
analysis, 206 
Delhi boil, 534 
Dermacentor andersoni, 537 
Dermatocoptes cuniculi, in ear mange, of 
rabbits, 24 

Dermatohia hominis, 538 
Dermatoibia, larvae of, in feces, 287 
Desoxycholate, agar, preparation of, 375 

— citrate agar, preparation of, 375 

— lactose agar, preparation of, 376 
Dextrin, in foods, estimation of, 774 
Dextrose, agar, Sabouraud’s, preparation of, 366 

— in cerebrospinal fluid, tests for, 305. See 

also Glucose and sugar 

— in urine, Benedict’s, picric acid method for, 

149 

— qualitath e test for, 146 

— quantitative test for, 147 

test tube method for, 149 

Sumner’s test for, 150 

D’Herelle’s method for titrating bacteriophage, 
555 

Diabetes, urinary findings in, 175 
Diabetic, acidosis, 738 

— foods, chemical analysis of, 774 
Diacetic acid, in urine, Lindemann’s test for, 155 
Gerhardt’s test for, 155 

Diameter of, erythrocytes, methods for deter- 
mining, 96 

Diastase, see Amylase 
Diatoms, in urine, 176 
Diazo reaction, Ehrlich’s, 160 
Dibothriocephalus latu£ See Diphyllobothrium 
latum 

Dicalcium phosphate crystals in urine, 167 
Dichromate solution, potassium, preparation 
of, N/10, 704 
Diet, Schmidt’s, 252 

Differential count, of cerebrospinal fluid, 302 

— of exudates, 292 

— of transudates, 292 

— of leukocytes, method of, 88 
normal, 90 

for children, 90 


Diluting, bacterial vaccines, 547 
Diluting-fluid, for cell count, or cerebrospinal 
fluid, 301 

— for erythrocyte count, Hayem’s, 69 
Toisson’s, 69 

— for leukocyte count, 76 

— for platelet counting, 99 

— for spermatozoa count, 847 

Dilutions for testing disinfectants by hygienic 
laboratory method, 572, 573, 574 
Dioxane, for dehydration of tissue, 807 
Diphtheria, bacteriological diagnosis of, 462 
Diphtheria bacilli, identification of, 462. See 
also Bacillus diphtheriae 

— staining method for, Albert’s, 397 
Neisser’s, 396 

Ljubinsky’s, 397 

Diphtheroid bacilli, identification of methods 
for, 465 

Diphyllobothrium latum, 278 

— ova of, 272 

Diplobacillus, of Morax-Axenfeld’s, 469 
Dipylidium canium, ova of, 273 
Diseases, of mice, 25 

— of rabbits, 24 

— of rats, 25 

— of test animals, 23 

Disinfectants, phenol coefficient of, method for, 
575 

— testing of, 370 

— - — food and drug administration method 
for, 570 

Kolmer bacteriostatic methods, 577 

mycostatic test, 579 

with staphylococcus aureus, 576 

Disodium phenoltetrabromphtlmlein sulphon- 
ate, 239 

Dispensing, bacterial vaccines, 548 , 

Disposal of cultures and specimens, 331 
Distillation of ammonia for nitrogen, 769 
Dittrich’s plugs, in sputum, 194 
Dog, blood cells in, normal ranges of, 62 
— intravenous injection of, 37 

— liver fluke of, identification of, 274 

— obtaining blood from, 44 

— operating table for, 36 

— serum, complement-fixation test with, 644 
— tape worm of, 280, 281 

Dohle, inclusion bodies, 85 
Donaldson’s method, detection of cysts of 
amebae, in feces, 255 

Donath-Landstemer test for paroxysmal hemo- 
globinuria, 843 
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Donne's test, far pus Jn urine, 129 
Donovan bodies, 510 
Darner's method for, staining spores, 399 
Dorset egg medium, preparation of, 374 
Dour me, diagnosis of, 121 
Double sugar agar, Russel’s, preparation of, 368 
Dracunculuc lsedinensis, 531 
Drainage, duodeno-biliary, 215 
Drummond’s pipet holder, 56 
Dropping hottle, 393 
Duboscq colorimeter, 690 
Ducrey'a bacillus, identification of, methods 
for, 469 

Dunham solution, preparation of, 356 
Dunning colorimeter, 187 
Duodeno-biliary drainage, mrthods for per- 
forming, 215 

Duodenal, cells, in bile, 221, 229 

— contents, amylase in, detection of, 226 

— collection of, 215 

— examination of, 215 
— giardia in, 231 

— lipase in, detection of, 226 

— para«itea in, 231 

— trypsin in, detection of, 226 
Duodenal lavage, 218 
Duodenal tube, passing of, 216 
Dysentery, bacillary, agglutination te*t for. 6CM 
Dysentery bacilli, identification of, 493 
Dwarf tape worm, 278, 279 

Eagle flocculation lest, for syphilis, 670 
— —with serum, 670 

with spigai fluid, 671 

Eagle complement fixaiion test, 855 
— qualitative, 859 
— ’quantitative, 859 

— with spinal fluid, B60 

Ear, bacteriological j examination of, 430 
collection of material for, 322 

— mange of rabbits, 21 
treatment of, 25 

Eberthella typhi, identification of, methods 

Echinococcus, antigen, 613 

— disease, complement fixaiion test for, 642 
— — d ia gnosis o f, Cason i i nt ra der mal t e*t for, 281 
precipitin test for, 678 

— granulosus, 280 

ova of, 273 

Ectothnx trichophytons, 520 

Effusions, cy todi a gnosis of, Mandelbaum’a 
method for, 291 


Egg, albumin disk*, preparation of, 209 

— medium, Dorset, preparation of, 374 

— serum medium, Locke's, preparation of, 377 
Eggs, parasitic. See ova 

Ehrlich’s, diazn reaction, 160 

— reagent, 159 

— test for indol, 407 

— test for urobilinogen, in urine, 158 
Eimeria perforans, in coccidiosjs, of rabbits, 21 
Eimeria stiedae, in roccidiosis, of rabbits, 21 

— in nasal catarrh, of rabbits, 21 
Einhorn’s method, detection of amylase, 226 

— for detection of enzymes, In Idle, 226 

— for detection of lipa«e, 226 

— for detection or trypsin, 226 
Einhorn’s saccharometrr, 147 
Elastic, fibers, in sputum, 191, 196 

— tissue, in feces, 251 

VerhoefT’s stain for, 820 

Electrometric methods, of titrating media, 312 
Ellerman modification of MayCrunwald tech- 
nic, for staining of bone marrow, 831 
Embadomonas intestinalis, 264 

— description of, 266 

— cysts, 261 

Encephalitis, cerebrospinal fluid in, examina- 
tion of, 299 

Endamoeba. See Amebae 
Endamoeba coli, 258 

— diagnosis of, 263 

— cyst, 256 

Endamoeba gingival is, 561, 539 
Endamoeba histolytica, 251, 258 

— diagnostic points of, 263 
Endolimax nana, 258 

— diagnosis of, 263 
Endomyces filbuiiger, 530 
Endospore, 515 
Endothrix trichophytons, 520 
Enterobius vermicularis, 282, 530. 531 

— ova of. 273 
Enteroliths, 213 
Enteromonas hominis, 264 

— cyst of, 264 

— description of, 266 
Entomoeba histolytica, 267 

Enzymes, amylase, detection of. In bile, 226 

in feces, 247 

— lipase, detection of, in bile, 226 

— pancreatic, in feces, 247 

— pepsin, detection of, in gastric juice, 208 

— proteolytic, bacterial, 406 

— rennin, detection of, 211 
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Enzymes, continued, 

— rennin-like, bacterial, 406 

— trypsin, activity of, in gastric juice, 210 

detection of, in bile, 226 

in duodenal contents, 226 

— ’in feces, 248 

Eosin, 815 

— iodine solution, for detecting amebae, 255 

— methylene blue agar, preparation of, 375 
Eosinopenia, 89. 91 

Eosinophilia, 89, 91 

— in allergy, detection of, 688 
Eosinophils, description of, 80 

— in disease, 91 

— in exudates, 292 

— in feces, 251 

• — in sputum, 195 

— in transudates, 292 

• — normal range of, 88, 89 

in animals, 62 

Epidermophyton, 518 
Epidermopliyton inguinale, 521 
Epidermophyton interdigitale, 522 
Epidermophyton rubrum, 521, 522 
Epithelial casts, in urine, 173 
Epithelial cells, in bile, 225 

patement, 221 

— short columnar, 222 

squamous. 229 

tall columnar, 223 

— in feces, 252 

~^in gastric contents, 213 
• — in sputum, 194 
•—in urine, 169 

Epizootic lymphadenitis, in guinea-pigs, 23 
Erdmann’s reagent, 794 
Erlenmeycr flasks, selection of, 333 
Erysipelas, of man. See Streptococcus hemo- 
lyticus 

— of suine, diagnosis of, 500 
Erysipeloid of man, diagnosis of, 500 
Erysipelothrix rhusiopathiae, 500 
Erjthroblast, 94 

Erythrocytes, abnormal, 93, 94 

— achromic, 93 

— agglutination and hemolysis, test for, Kol- 

mer’s, 611 

— agglutination of, auto, 608 
cold, 608 

false, 609 

macroscopic method for, Brice’s, 611 

pseudo, 608 

— anisocytosis, 93 


Erythrocytes, continued 

— basophilic degeneration of, 95 

— Cabot-ring body in, 94, 95 

— color index of, 73 

— counting of, method for, 68 
sources of error, 70 

— crenation of, 93 

— diameter of, method for determining, 96 
normal range of, 60 

— elliptical, 93 

— fragility test of, method for, 105 

— grouping of, 607 

Landstciner method for, 612 

microscopic method for, 613 

— Howell- Jolly bodies in, 94, 95 

— in feces, 252 

— in sickle cell anemia, 93 
— in urine, 171 

— isoagglutination of, G08 

— macrocytes, 93, 94 

— macrocytosis, 94 

— malaria parasites in, examination for, 114 

— mean corpuscular hemoglobin, method for 

determining, 74 

— mean corpuscular hemoglobin concentra- 

tion, method for determining, 75 

— mean corpuscular volume of, method for 

determining. 73 

— megaloblasts, 95 

— megalocytcs, 93 

— microblasts, 95 

— microcytes, 93, 94 

— normal, 93, 94 

— normal ranges of, m animals, 62 

— normoblast, 94, 95 

— nuclear particles in, 95 

— nucleated, 95 

— pessary forms, 93 

— pipet for counting, Thonia, 52 
Trenner, automatic, 52 

— poikilocytcs. 93, 94 

— polychromatophilic, 95 
— reticulated, 95 

counting of, 97 

— rouleaud formation of, 93 

— saturation index of, method for determin- 

ing, 75 

— sedimfentation of, methods for determining, 

102 

— sickling of, 93 

— size of, 93 
in animals, 62 

— spherocytes, 93 
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Erythrocytes, continued 

— tonicity of, teat for, 105 
Sanford's method for, 107 

— volume of, determination of, 70 

— — — finger method for, 71 

Haden-Sanford method for, 71 

in animal*, 62 

——mean corpuscular, 73 

— — index of, 72 
Esbach-Quick albuminomcter, 1)1 
Esbach's test, for albumin m urine, 110 

— for protein, in cerebrospinal fluid. 301 
Escherichia group, cultural reactions of. 49> 
Escherichia coli, identification of. metlmds for, 

■186 

Esophageal cells, in bile, 229 

Estivo-autumnal malaria, 117 

El >i)l alcohol, for dehydration of tissue, 807 

— detection of, 790 
Ewald test meal, 

Exton’s immiscible balance, determination of 
specific gravity, 132 

Exton’a quantitative te«t, for albumin in urine, 
139 

Exton'a scopometer, 693 
Exton-Rose, sugar tolerance test, 73S 
Extract, agar, preparation of, 366 

— broth, preparation of, 358 

— carbohydrate broths, preparation of, 358 

— gelatin, preparation of, 368 
Extraction apparatus, for cholesterol dctermi 

nation, 745 

Extrapastric acid, curve in gastric analysis, 206 
Extraneous matter, in urine, 176 
Exudates, bacteriological examination of, 295 

— bacteriology of, 291 

— coagulation of, 291 

— collection of, for bacteriological exanuna 

tvon, 322 

— complement fixation test, 291, 615 
with aniicomplemenlary, 631 

— cytodiagnnsis of, 292 

— Otology of, 291 

• — differentia! cell count of, 292 

— examination of, 290 

chemical, 290, 291 

microscopic. 390 

routine, 290 

— pericardial, bacteriological diagnosis of, -131 

— peritoneal, bacteriological examination of, 

433 

— pleural, bacteriological examination of, 434 

— protein in, acetic acid test for, 292 


Exudates continued 

— — Rivalta lest for, 291, 292 

— smears of, preparation of, 380 

— specific gravity of, 291 

— types of, 290 

Eje, bacillus xer««is in, identification of, 465 

— bacteriological examination of, 425 

— collection of materia] from, for bacterio- 

logical examination, 317 
Eyepiece, microscope, 1, 2 

— — micrometer, 12 

Farley, » Ia«-l Gcal ion of, neutrophils 8) 
Farmer and Abt method, for tilamin C in 
plasma, 862 

Fa«ciolnpsis liudtii, identification of, 271 

— ova of. 272 

Fasciola hepatica, identification of, 27) 

— ova of, 272 

Tat, in cow's milk, Babcock method for, 766 

— in cream, estimation of, 767 

— in foods, estimation of, 77) 

-in human milk, determination of, 772 

— in tissue, stain for, 821 

Fats, in feces, acetic acid test for, 218 

detection of, 218 

"• determination of, quantitative, 2)9 

Fatty ca«t*. urinary, 173 
Fauces, collection of material from, for bac- 
teriological examination, 318 
Fav u«, diagnosis of. 522 

by cultures, 523 

- — microscopic, 523 
Feces, acholic, 212 

— amebae in, cysts of, detection of, 255 
detection of cysts of, concentration meth- 
od for, 261 

—direct examination for, 255 

— Donaldson’s method for, 255 

— — — Heidenhain’a iron-hematoxylin mfth 

od, 259 

iodine method for, 255 

Mayer’s haemalum slain method, 256 

intestinal, 258 

— endamoeba coli, 258 

endarnoelia histolytica, 258 

rndobmax nana, 258 

examination fur, 253 

— collection of specimen, 253 

species identification of, 262 

— amylase in, test for, 2)7 

— ancylosloma duodennle in, 283 

— ascaris lumbricoides in, 281 

— bacillus typhosus in, isolation of, 490 
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Feces, continued 

— bacteriological e\amination of, 436 

— bacteriophage in. isolation of, 553 

— balantidium coli, 267 
description of, 266 

— banana fibers in, 2)3 

— bile acids in, detection of. 247 

— bilirubin in, detection of, 247 
— black v 242 

— Mastocytosis hominis in, 268 

— blood in, 244 

— calcium bilirubinate in, 252 

— cliilomastix inesnili in. description of, 264 

— ciliates in, cysts of, 266 

— eoccidia in, identification of, 266 

— collection of. for bacteriological examina- 

tion, 323 

— color of, 242 

— connecthe tissue in, 250 

— consistency of, 242 

— cr>stnls in, 252 

— cjst of giardia intestinalis. 266 . 

— dibothriocepbalus latus ova. in, 280 

— direct examination of, for intestinal flagel- 

lates, 262 

— diphjllobothrium latum, description of, 278 

— elastic tissue in, 251 

— embadotnonas intestinalis in, description of, 

266' 

— endamoeba coli, detection of, 263 

— endamoeba liistol>tica, detection of, 263 

— rndolimax nana, detection of, 263 

— enterobius vermiculoris in, 282 

— enteiomonas hominis in, description of, 266 

— enzymes in, 247 

— eosinophils in, 251 

— epithelial cells in. 252 

— erythrocytes in, 252 

— examination of. methods for, 242 

for animal parasites, 253 

for intestinal ciliates, 266 

for intestinal flagellates, 262 

for larvae of lielminthcs, 268 

-for ova, 268 

Brine-flotation method. 271 

concentration method foi. 268 

cultural methods for. 272 

— direct smear method, 268 

Pepper’s method, for concentrating 

hook-worm ora, 271 

for protozoa, 253 

for worms, 287 

microscopic, 287 


Feces, continued 
macroscopic, 242 

— fasciola hepatica ova in, 274 
— -fat*- in, 248 

acetic acid test for, 238 

dctei initiation of, quantitative, 249 

— fattv acids in, test for, 239 

— flagellates in, species identification of, 262 

— flukes in, identification of, 273 

— food in, 243 

— farms of, 242 

— ghost cells in, 251 

— giardia intestinalis in, description of, 264 

— green. 242 

— hairs in. 252 

— hematoidin crjslals in, 252 

— hookworms in, 282 

— in jaundice, 242 

— kinds of, 242 

— larvae in, dermatoibia, 287 
sarcophaga, 287 

— lcukocj tes in, 250 

— macrophages in, 251 

— macroscopic examination of, 242 

— microscopic examination of, 250 
for tropliozoitcs, 253 

Schmidt’s test diet for, 252 

— mucus in, 242, 252 

— muscle fibers in, 251 * 

— nectator amcrieanus in. 283 
- — neutral fats in, 251 

test for, 249 

— occult blood in, tests foi, 244 

— odor of, 242 

— ova in, identification of, 272 
preservation of, 289 

• operculum, 272 

oxyuris xermicularis in, 282 

— panci eatic en/> mes in, detection of, 247 

— parasites in, 243 > 

— pungent, 242 

— pus cells in. 251 

— putrid, 242 

— reaction of, determination of, 243 

— red, 242 

— round worms in, 281 

— Schmidt’s nuclei test, 253 

— separation test of, for intestinal motility, 242 

— shipment of, 289 

— soap in, test for, 249 

— sporozoa in. description of, 267 

— starch in, 251 

— strongjloides stercoralis in, 284 
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Feces, continued 

— tape worm heads in, examination tor, 2B8 

— trichomonas hominis, 26$ 

description of, 262 

— trichomonis vaginalis in, 265 

— Inchurus trichiura in, 286 

— trophozoites in, microscopic examination 

for, 253 

■ — trypsin in, test for, 248 

— urobilin in, detection of, 215 
Schmidt's qualitative test for, 215 

— — Wilber .Addis quantitative |e»t for. 215 
“Urobilinogen in, test fur, 849 

— yellow, 242 

— whipworms in, 286 
Feeding, animals, 17, 19 

Ferguson’s method, for roneent ration o f urine, 179 
Fermentation, test, for sugar in urine, 147 

— tube support, 333 
Fermented, infusion, 341 
“Carbohydrate broth, preparation of, 359 
Ferric chloride test for, hydrolysis of sodium 

luppurate, 409 

“ for salicylic acid, in milk, 771 
Fibrinogen, in blood, normal range of, 712 
Fibrinolysis, test for, by hemolytic strepto- 
cocci, 445 

Fibrinous easts, urinary, 173 

Filament nonfilament leukocyte count, 83. 91 

Fiiaria, methods of examination, 118 

Fdaria bancrofli, 118 

Fiiaria loa. 118 

Fdaria medinensis, 53-1 

Fiiaria perstans, 118 

Fdaria volvulus, 534 

Fdler, Berkfeld, 354 

— Chamberland-Pasteur, 353 

— Mandler. 354 

— Seitz, 354 

Filtrate, protein-free, preparation of, for blood 
chemistry, 711 

— vaecJnes, preparation of, 548 
Filtration, apparatus for, 352 
Mudd's, 353 

— of bacteriophage, 552 f 

— of culture media, 350 

• — with Gooch crucible, 714 

— sterilization by, 353 

Finger method, for determining packed ceU 
volume, 71 

Finger nails, cystine in, determination of, 759 

Fish tape worm, 278 

Fishberg test, for renal function, 182 


Fisber-Arnold’s, culture method for fungi, 513 

— modification of Sahoutaud’s medium, 367 
Fiske-Subbarow method, determination of 

Mood phosphorus by, 741 
Fistulae, bacteriological examination of, 424 
Flagella, method for staining, Casarea Gil's, 399 
Leif son’s, 399 

Flagellates, intestinal, cultural examination of 
feces for, 262 

species identification of, 262 

Fla«k, cultural, for bile, 219 

— plugging of, 335 
Fleas, identification of, 537 
Flemming’s solution. 806 
Flcxner's bacillus of dysentery, 494 
Flies, identification of, 538 

Flies, larvae of, in feces, 287 
Floccule, in bile, 220 
Florence test, for semen, 819 
Fiosdorf-MudiTa cryocbem process for pre- 
serving complement and aera, 589 
Fluid, cerebrospinal. See Cerebrospinal fluid 
Flukes, blood, identification of, 275 

— examination of faces for, 268 

— identification of, 273 

— liter, identification of, 274 

— lung, identification of, 275 
Fluorescein, 473 
Focusing, of microscope, 7 
Folin’a Mood sugar tube, 729 

— method for amino-acids, 723 

— test fur albumin in urine, 141 
Folin-Malmros micromethod for determination 

of Mood sugar, 732 > 

Folin Wu method, for blood sugar, 728 

— for creatinine, 724 / 

— for nonprotein nitrogen, 719 

— for protein free filtrate, 711 

— for sugar in spinal fluid, 305 

— for titratable acidity of urine, 130 
Folin-Wu pipet, 729 

Fonio’a method for, counting platelets, 98 
Fontana’s procedure for staining spirochetes, 
401 

Food and drug administration method, for 
testing disinfectants, 570 
Food, in bile, 225, 231 

— in feces, 243 

— methods for chemical examination, 765 

— poisoning, methods for examination in, 501 

— test of, for botulmus toxins, 502 
Foods, diabetic, chemical analysis of, 774 
Foot rot of sheep, 499 


INDEX 


895 


Formaldehyde, in cow’s milk, test for, 771 

— for fixation of tissues, 806 

— in urine, Bumam’s test for. 164 
Formalin, preservative for urine, 128 
Formic acid, for decalcification of bone, 828 
Formol-alcohol, for fixation of tissues, 006 
Fouche’s reagent, 157 

Foul, blood cells in, normal ranges of, 62 

— leg bands for, 19 

— obtaining blood from, 45 

— — from comb, 45 
humeral vein, 45 

Foul cholera, diagnosis of, 498 
Fowl typhoid, agglutination test for, 605 
Fragility test, of erythrocytes, 105 
Fractional method, for gastric analysis, of 
stomach content, 200 

Free hydrochloric acid, in gastric contents 
determination of, 204 
Freezing microtome, 799 
Frei test, for lymphogranuloma inguinale, 687 
rriedliinder bacillus, identification of, 474 
Friedman test, for piegnnncy, 178 
Froehde’s reagent, 794 
Frog, blood cells in, normal ranges of, 62 
Frommer’s te«t for acetone in urine, 154 
Frozen sections of tissue, method for. 802 

rapid staining of, 804 

Fructose in urine. See Lev ulose 
Fuchs-Rosentlral ruling, 301 
Fungi, animal inoculation for, 515 

— culturing of, 513 

— detection of, culture method for, 513 

— direct examination for, 513 

— identification of, special methods for, 515 

— imperfecta, 530 

— in favus, diagnosis of, 522 

— ringworm, identification of, 516 

— yeast-like, 530 

• key to genera, 514 

Fungus infections, diagnosis of, 512 

general technic for, 512 

Furuncles, pus from, bacteriological examina- 
tion of, 414 
Fuseaux, 516 

Fusiform bacilli, method for staining, 402 
Fusospirochetal gingivitis, diagnosis of, 502 

Galactose, in urine detection of, 152 
Galactose tolerance test, 239 f 

— interpretation of, 239 

— sources of error, 239 


Gall bladder, cells, in bile, 221, 230 

— drainage of. Sec Bile drainage 
Gallstones, bacteriological examination of, 435 
Gamma hemolysis, on blood agar. 409 
Gangrene, gaseous, diagnosis of, 417 

Gas gangrene, diagnosis of, 420 

Gas production, by bacteria, analysis of, 408 

Gastric analysis, 200 

— acid curve in, delayed digestion, 206 
extragastric, 206 

-hyperchlorhydria, 205 

hypochlorhy'drin, 206 

normal curve, 205 

stepladder, 205 

— Ewald meal test in, 201 

— fractional method for, 200 

— macroscopic examination, 203 

— microscopic examination,' 212 

— recording of, 202 

— Topper method for, 206 
Gastric, cells, in bile, 221, 229 

— content, acid salts in, determination of, 205 

— aniline in, detection of, 789 

— bacteria in, microscopic examination of, 213 

— bile in, detection of, 208 

— combined hydrochloric acid and acid salts 

in, determination of, 205 

— epithelial cells in, microscopic examination 

for, 213 

— free by drochlorio acid in, determination of, 

204 

— histamine test for true achylia, 206 

— lactic arid in, Kelling’s test for, 207 
Strauss’s test for. 207 

Uflebnann’S lest for, 207 

— microscopic examination, method for, 211 
• — nitrobenzene in, detection of, 789 

— occult blood in, benzidine test for, 207 
ortliotoluidine test /or, 208 

— Oppler-Boas bacillus in, 213 

— pepsin in, detection of, 208 

qualitative procedure for, 208 

quantitative procedure, 209 

• — phosphorus in, detection of, 788 
• — potassium chlorate in, detection of, 788 
• — rennin in, Lee’s test for, 211 
Reigel’s test for, 211 

— sodium carbonate in, detection of, 788 

— total aridity of, determination of, 204 
normal range of, 205 

— tryptic activity in, determination of, 210 
Gastroduodenal tube, passing of, 216 

— withdrawal of, 219 
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Gelatin, bacterial liquefaction of, 406 

— extract, preparation of, 368 

— for culture media, 311 

— infusion, preparation of, 368 
Gerliardl’s test for diacetic acid in urine, 155 
Gho*t celts, in feces, 251 

Giardta intestinalis, description of, 261 
—cyst of, 264, 266 

— in bile, 221, 231 
Giardiasis of rabbits, 25 

Cibson’s modification of Addis sediment count, 
191 

Giemsa's method for staining blood sm»ar», 
77 

Gillespie standards, for titrating culture me 
dia, 346 

Cinghac, bacteriological examination of, 428 

collection of muterial for, 320 

Gingivitis amebic, diagnosis of, 503 

— fusotpiroclietal, diagnosis of, 502 
Glanders, agglutination test for, 602 

— complement fixation test for, 637 

— laboratory diagnosis of, 475 

Glass frame*, for museum specimens, 839 
Glassware, cleaning of, 334 

— for complement-fixation test, 616 

— preparation of, 333 

— selection of, 333 

— Sterilization of, 333, 336 

Globulin, in Llood serum, determination of, 
747 

Greenberg method, 749 

— — normal range of, 712 
Glossary, of mycologic terms, 515 
Glucose, agar, preparation of, 368. See also 

Ciucose and sugar 

— brain broth, Roscnow's modification, prepa 

ration of, 360 

— broth, preparation of, 362 
Glycogen, Best’s carmine «tain for, 820 
Glypbagus domesticus, 535 

Coat, blood cells in, norma] ranges of, 62 
Gold test, Lange's colloidal. See Colloidal gold 
test 

Gonococci, bacterial antigen of, for comple- 
ment-fixation test, 638 

Conococcus, identification of, methods for, 454 
Gonorrhea, diagnosis by bacteriological meth- 
ods, 454 

— complement-fixation test for, 637 
Gooch cruahle, filtration with, 714 
Goodpasture’s stain, for bacteria in tissue, 402 
Crain alcohol, detection of, 790 


Grain mile, 535 

Cram negative rods which grow on blood agar, 
413 

Cram positive, cocci which grow on blood 
agar. 411 

— rods which grow on blood agar, 412 
Cram’s method for staining bacteria, Burke’s 

modification of, 391 

— Ilucker’s modification of, 395 

Gram- Wei pert’s method for staining bacteria 
in tissue, 403 

Granular casts, urinary, 172 
Granulocyte*, 80 

Granuloma inguinale, diagnosis of, 509 
Granuloma venereum, 509 
Granulopenia, 89 

Greenberg method, for determination of al- 
bumin, in blood serum, 749 
Greenberg method, determination of globulin, 
in blood serum, 719 
Green bottle fly, 538 

Griffith micrn agglutination technic, for typing 
and grouping of streptococci, 444 
Grocers’ Hell, 536 

Grouping of Mood. See Blood grouping 
Guinea pigs, abscesses of, 23 

— Mood, method of securing, 42 

— — from heart, 42 

— Mood cells in, normal range of, 62 

— cages for, 18 

— diseases of, 23 

— feeding of, 20 

— identification of, 19 

— injection of, 30 

— — intravenous. 32 

— — Roth’s method, 31 

— kidney ontigen, 113 

— normal, pui«c rale of, 20 

respiration of, 20 

temperature of, 20 

— paratyphoid of, 23 

— pneumonia of, 23 

— psrudotubereulosis of, 23 
— -tuberculosis of, 24 
Guinea worms, 534 


1 laden’s, classification, of anemias, 61 

— cleaning apparatus, 63 

— muhod, for hemoglobin estimation, 65 

for preparation of Mood films, 59 

—modification of folm-Denis test, for total 

nitrogen in urine, 14S 
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linden's, continued 

— modification of Folin-Wu’s method, for 

preparation of protein-free filtrate, 711 
Hdden-llatisser hernoglobinometcr, 65. 67 
Uaden-Sanford method, foi volume, of packed 
erythrocytes, 71 

Haemometer, Helligc-Winlrobe, 66 
Hagedorn needle. 53 

Hall's liquid tube method, for cultivating 
anaerobes, 387 
Hand lens, 5 

Hanging-drop, preparations, 391 

— slide, 391 

Jlansen-Boek technic, for staining of hone, 828 
Harris hematoxylin, 814 
Hart's te«t, for beta-oxy butyric acid in urine, 
155 

Harvest mite, 535 

Hay’s test, for bile acids in urine. 157 
Hayem's diluting fluid, 69 
Head lame, identification of. 537 
Heart failure cell*, in sputum, 191 
Heat and acid test, Iot albumin in urine, 135 
Heidenbain’s iron-hematoxylin method, detec- 
tion of amebae by, 259, 260 
Hei-t-Cohen pathogen-selective method, for 
vaccines, 541 
llellige colorimeter, 733 

— for titrating culture media, 316 
Helhge-V'inLrobe haemometer, 66 
Holly V fluid, 806 

Helminthes, adult, examination for, in feces, 
287 

— larvae of. examination of feces for, 268 
— of man, identification of, 273 

— of skin, 534 

— — classification of, 534 
Hematocrit tube. Ifaden-Sanford’s, 71 
-—Van Allen’s, 71 
llematoidin crystals, in fece=, 252 
Hematological examinations, with oxalated 
blood, 58. Sec also Blood 
Hetnatoporphynn, absorption bands of, 16 1 

— urinary, detection of, 161 
Hematoxylin, Delafieid's, 814 

— Harris's, 814 

— Ilegaud’s, 835 
llemin crystals, 796 
Hemoglobin, estimation of, 61 
Haden method, 65 

CHgoofl-Haskins method, 65 

photoelectric-cell method, 67 

Sahli method for, 64 


Hemoglobin, continued 

— mean corpuscular, method for determining, 74 
noimal ranges of, 60 

— mean corpuscnlai concentration, method for 

determining, 75 

— • — normal ranges of, 60 

— normal range-- of. 60, 61 

in animals, 62 

Hemoplobinometer, Iladen-Hausser, 67 
Hemoglobin tubes, for detecting trypsin, 226 
Hemoglobinuria paioxysmal, 813 

— IJonath-Landateiner tests for, 843 
Hemolysin, antisheep, ptepnration of, 619 

— production of. by bacteria, 409 

— titration of, for complement-fixation test, 622 
Hemolysis, alpha. 409 

— beta. 409 ‘ 

— gamma, 109 •• 

Hemolysis test, for direct matching of blood, 611 
Hemolytic streptococci. See also Streptococci 

— colonies of, 414 

— test for fibrinolysis by, 445 

— typing and grouping of, Griffith’s method, 444 

Laneefield’s method, 444 

Hemometer. Sahli, 65 

Homo-peptone water, preparation of, 356 
—-nitrate, preparation of, 357 
Hemophilus, conjunctivitidis, identification of, 
methods for, 468 

— ducreyii, identification of, methods for, 469 

— infiuenr-a, identification of, methods for, 466 

— lacunatus, identification of, methods for, 468 

— pertussis, identification of. methods for, 467 
Hemorrhagic septicemia, diagnosis of, in lower 

animals, 498 

Hench-Aldrich’s lest, for mercury-combining 
power, of saliva, 197 

Helcropbile antibodies, te«l for, 113. See In- 
fectious mononucleosis 
Ileterophvcs hertcrophye=, ova of, 273 
Ilinton test, for syphilis, 671 

quick method, 675 

Ilippuric acid, test for in urine, 851 
Hiss’s copper sulphate method, lor staining 
capsules, 400 

Hiss-Park dysentery bacillus, 494 
Histamine test, for true achylia, 206 
Histological, examination, of transudates, 294 

— methods, 798 

* equipment for, 798 

glassw are, 801 

-microtome, 798 

paraffin oven, 800 
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Hog, blood cells In, normal ranges for, 62 

— obtaining blood from, 41 

Holman Gonzales, method for indot, 407 
Honey agar, preparation of, 367 
Hookworm, 282 

— American, 233 

— cultural method for examination of, 272 

— old world, 283 

Hormone, anterior pituitary, test for, in urine, 
177 

Hormone broth, method of ffuntoon for prep- 
aration of, 360 

llorse blood cells in, normal ranges of, 62 

— glanders in, agglutination test for, 602 

— obtaining blood from, 44 

— mrra disease, 120 
Horse-fly, 120 

Hot air sterilizer, 336 
Housing, of animals, 17, 18 
Howell's method for, prothrombin time, 101 
Howell Jolly bodies, 94, 95 
llucker'a modification, of Gram's ataia, 395 
lluddleson's rapid agglutination method, for 
brucella infection, 597 
Human milk. See Milk 

Huntoon'a, hormone broth, modified, prepara- 
tion of, 360 

— method, for staining capsules, 400 
Huppert’s test for bilirubin, in urine, 156 
Hyaline casts, urinary, 172 
llydatidiform mole, diagnosis of, 177, 179 
Hydrobilirubin. See Urobilin 
Hydrochloric acid, for decalcification of bone, 

827 

— free, method of estimating, in gastric con- 

tents, 204 

— solutions, preparation of, normal, N/10 and 
N/100, 700 

Hydrogen ion concentration, of culture media, 
determination of, 342 

— of urine, determination of, 131 
Hydrogen sulphide, production of by bacteria, 

408 

Hydrolysis of sodium bippurate, by bacteria, 
test for, 409 

Hydrophobia, diagnosis of by laboratory 
methods, 507 

Hymenolepsis nana, 272, 278, 279 
Hyperchlorhydria acid curve, in gastric analy- 
sis, 205 
flypha, 515 

Hypochlorite, sodium, diluted solution of, 
preparation of, 703 


Icterus index, of blood, method for determin- 
ing, 233 

-norma! range of, 713 

Illumination, for microscope, 4, 8 

— for dark-field, 14 
Illuminator, for dark field, 13 
Inclusion bodies, Polite, 85 

India ink method, for demonstrating capsules, 
401 

— for identification of spirochetes, 402 
Jndican, in urine, Obermayer's test for, l’i'i 
Indicators, Andrade’s, preparation of, 379 

— for bacteriological work, 344 

— Preparation of, 379 

— use of, in culture media, 349 
IndoJ, Ehrlich’s test for, 407 

— oxalic acid paper te«t for, 407 

Infants, collection of blood from, for serolog- 
ical tests, 581 

Infectious jaundice, diagnosis of, 505 

-agglutination test for, 506 

Infectious mononucleosis, test for, Davidsohn's, 
differential, 113 
— * indications for, 114 

— presumptive, 110 

interpretation of, 113 

Influenza bacillus, detection of, selection of 
animals for, 21 

— identification of, 466 
Infusion, agar, preparation of, 367 

— — with blood, ascitic fluid, serum, etc., 
preparation of, 370 

— broth, preparation of, 359 

— gelatin, preparation of, 368 

— medium, liver, preparation of, 362 

— pork, preparation of, 376 

— testicular, preparation of, 373 
Injection, of animals, 26 

— — intracardial, 37 

— of guinea-pigs, 37 

— - — intracutaneous, 27 

— ■ — intramuscular, 23 
— ■ — intraperitoneal, 37 

— -of guinea pig, 37 

— of mouse, 39 

•• — of rabbits, 37, 38 

— • — intravenous, 28 

— of dog, 37 

of guinea pig, 30, 32 

— Roth's method, 31 

— of mou«e, 32 

— of rabbit, 28 

— ——of white rat, 33, 34, 35, 36 
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Injection, continued 

subcutaneous, 27 

of rabbit, 28 

solid inoculation, 27 

subdural, 39 

technic of, 39 

of rabbit, 39 

testicular, 40 

of rabbit, 40 

Inoculation, of animals. 17. See also injection 
of animals 

Inoculation test, mouse, for identification of 
streptococci, 445 

Inorganic phosphorus, blood, determination of. 
741 

normal range of, 712 

Inspissator, 372 

Intestinal, motility, separation test, of feces 
for, 242 

— parasites, 243. See Feces 

Intracardial injection, technic of, guinea-pig, 
37 

Intracutaneous, injection, of animals, 27 

— test, for allergy, 684 

Intramuscular injection, of animals, technic 
of, 28 

Intradcrmal test, for echinococcus disease, 281 
Intraperitoneal injection, of animals, 37, 39 
Intravenous injection, of animals, technic of, 
28, 37 

Iodine method, for detection of cysts of 
amebae, in feces, 255 

Iodine-eosin solution, detection of, cysts of 
amebae, with. 255 * 

Iron, blood, determination of, 755 

— hematoxylin method, for staining amebae, 

259, 260 

Isoagglutination, of erythrocytes, 607 
Itch mite, 535 

Jansky’s classification of blood groups, 607 
Jars, anaerobic, Brown’s, 388 

Mclntosh-Fildes, 387 

Novy’s, 387 

Smillie’s, 388 

— selection of, for museum specimens, 839 
Jaundice, infectious, diagnosis of, 505 

— phenolsulpbonphthalein test in, Abramson 

method for, 187, 188 
Jcnner’s method, for staining blood, 77 
Johnson’s method, for carotin in blood, 751 ‘ 
Juvenile neutrophil, 81 


Kahn precipitation test, for syphilis, 647 

— antigen for, 648 

standard, 653 

correction of, 651 

sensitiveness of, determination of, 650 

-titration of, 649 

sensitized, 659 

titration of, 659 

— ‘interpretation of results, 650, 656 

— presumptive, 658 

antigen for, preparation of, 659 

performance of, 660 

value of, 660 

with spinal fluid, 662 

— quantitative, 657 
with spinal fluid, 662 

— reagents for, preparation of, 648 

— standard apparatus for, 647 

— types of reactions, 655 

— with aqueous humor, 662 

— with fluid from syphiiic lesions, 662 

— witli spinal fluid, 661 
Kalin’s shaking apparatus, 647 
Kala-azar, diagnosis of, 122 

Ciiopra’s antimony test, 124 

direct examination for, 123 

culture of peripheral blood, 123 

• ‘methods for, 122 

Napier’s aldehyde test for, 124 

spleen or liver puncture for. 123 t 

stained blood smears for, 123 

— leishmania donovani in, 122. 510 \ 

Kaiseriing’s, fixing solution, 838 

— method for fixation of museum specimens, 

838 

Karr’s method, determination of blood urea 
by, 714 

JCeidel tube, for collecting blood, 582 
Keller’s test for urea in urine, 143 
Keller’s micromethod, determination of urea 
nitrogen by, 716 

Keller, Pharris, Crit and Gaub’s phagocytic 
test for undulant fever, 478 
Kelling’s test, for lactic acid, in gastric juice, 
207 

Kidney function tests, 181 

— concentration tests, Fishberg’s, 182 
significance of, 183 

— Lashmet-Newburgh’s, 182 

— Mosenthal’s, 183 

— phenolsuiphonplnhalein test, 186 

— urea clearance test for, 184 

— Voihard-Fahr’s, 182 , 



INDEX 


900 

Kingsbury, Clark, Williams and Post test, for 
albumin in urine, 33? 

— for protein in cerebrospinal fluid, 301 
Kinyoun's carbolfuchsin, for staining acid fast 

bacilli, 396 
Kissing bug, 120 
Klebsiella 509 

Klebsiella ozoenae, identification of, 475 
Klebsiella pneumoniae, identification of, meth- 
ods for, 474 

Klebsiella rbinoscleromatis. Identification of, 
methods for, 475 

Kline microscopic precipitation test, for 
syphilis, 662 

— antigen emulsions for, 665 
preparation of, 664 

— diagnostic and exclusion, with healed 

serum, 666 

with spinal fluid, 668 

— preparation of, glassware for, 663 
aera for, 662 

— readings of, 667 

— with spinal fluid, antigen emulsions for. 668 
Klutz method, for preparation of museum 

specimens, 839 
Knives, for microtome, 799 

— sharpening of, 799 

Koch-Werks bacillus, identification of, methods 
for, 468 

Kofoid-Barber’s brine flotation method, for 
• ova, in feces, 271 
Kolle wire holder, 382 

Kolmer’s bacteriostatic methods, for testing 
disinfectants, 577 
-—using ascitic fluid, 578 

— using blood, 578 

— using muscle extract, 578 

— using nutrient bouillon, 577 

— using serum, 578 

— using solid media, 579 
Kolmer centrifuge lubes, 617 

Kolmer chart, for cerebospinal fluid exami- 
nations, 311 

Kolmer complement fixation test, for bacillary 
white diarrhea, 639 

— for bacterial diseases, 637 

— for bovine contagious abortion, 637 

— for echinococcus, 642 

— for glanders, 637 

— for gonorrhea, 637 

— for syphilis, 616 
— * — simplified, 853 

*— for trypanosomiasis, 642 


Kolmer complement-fixation test, continued 

— for tuberculosis, 637 
— -for typhoid fever, 637 

— with anticomplementary exudates, 634 

— with anlicomplementory sera, 631 

— with anticomplementary spinal fluid, 634 

— with anticomplementary transudates. 634 

— with dog sera, 64 4 

— with exudates, 615 

— with nulk, 615 

— with mule sera, 641 

— with rabbit sera, 641 

— with small amounts of serum and spinal 

fluid, 632 

— with spinal fluid, 622 

— with transudates, 615 

— with urine. 615 

Kolmer macroscopic agglutination and hemo- 
lysis tests, method for direct matching of 
btood, 611 

Kolmer method for autogenous vaccines, SI9 
Kolmer rack, 617 
Kolmer serological bath, 617 
Kolmer serological pipets, 616 
Koser citrate medium, preparation of, 357 
Kracke blood culture broth, preparation of, 
361 

Kreidler Murphy’s precipitin test, for menin- 
gills, 678 * 

krcidlcr-SmaH’s method, for testing colloidal 
gold reagent, 308 

Krueger’s undenatured vaccines, preparation 
of, 551 

Krumwiede triple sugar agar, preparation of, 
369 

Kugel-Rosenthal index, 86 


Lactic acid, determination of, in gastric juice, 
207 

Lactobacillus, acidophilus, identification of, 
498 

— BoasOppleri, in gastric juice, 213 
Lactose, in cow’s milk, determination of, 770 

— in human milk, determination of, 773 

— in urine, Rubner’a test for, 152 
Lamotte hydrogen ion set, 345 
Lamps for microscope, 5 
Lancet, blood, simple, 54 

spring, 54 

Lancefield, precipitin reaction, for grouping 
of streptococci, 441 

Landsteiner’a method, for blood grouping, 612 
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Lange’s colloidal gold test, of cerebrospinal 
fluid, 306 

— Boemer-Lukens method for, 310 

— reagent for, 306 

preparation of, BorowskSja’s method for, 

307 

—testing before use, 307 

— types of reactions in, 310 
Lanae, of strongyloides, 283 

— of trichinella spiral!®, 119 
Lavage, duodenal, 218 

Laybourn’s modification, of Albert's stain, for 
diphtheria bacilli, 397 

Lead, detection of, in feces and tissues, 778 
in urine. 778 

— acetate agar, preparation of, 368 
Leake-Guy’s diluting fluid, for counting 

platelet®, 99 

Lee's test, for rennin. in gastric juice, 211 
Lee-While’s method, for coagulation time, 100 
Leifson’s flagella stain, 398 
Leifson’s Afalonate medium, preparation of 
357 

Lebhmania, identification of, 126 
Leisbmania hrazieliensi®, 534 
Leishmania-Donovani bodies, 122, 124, 510 
Lei®hrnania tropica, 125, ‘534 
Leishmaniasis, 122 

Leprosy, collection of 'material for examina- 
tion. 330 

— diagnosis of, 486 

Leprous lesion, securing material from, 330 
Leptospira icterohaemorrhagiae, 505 

— agglutination and lysis test for, 506 
Leptolrichin buccolis, 504 

Leucine crystals in urine, 166 
- Leukocytes, abnormal varieties of, 86 

• gramdocjtic series, 86 

-lymphoid series, 87 

— Ameth’s clas®ification of, 81 

— lia«ophilic, normal range of, 88, 89 
- — changes of in disea®e, 90 

— classification of, 79 

— counting of, method for, 75 

diluting fluid for, 76 

— differential counting of, method for, 88 
— Dohlc inclusion bodies in, 85 

• — eo®3nophiIic, normal range of, 88, 89 
myelocyte, 87 

— in disease, 90, 91 

— in gastric” juices, 212 

— in urine, 171 

— lymphocytes, normal range of, 88, 89 


Leukocytes, continued 

— — young forms of, 87 

— monocytic, normal range of, 88, 89 

— myelocytes, 87 

— neutrophilic, classification of, 84 

— Arneth’s, 81 

Cookc-Ponder’s, 82 

Pons-Krumbaar’s, 83 

— Schilling’s, 81 

normal Tange of, 88, 89 

— — qualitative changes in, 80 
- — normal ranges of, 60 

in animals, 62 

— shift to the left of, 84 

— staining of, Giemsa’s method for, 77 
Jenner’s method for, 77 

Pappenhcim’s method for, 78 

Wright’s method for, 77 

— total count of, method for, 75 

— Turk’s irritation form of, 88 
Leukocytosis, 89 
Leukopenia, 89 

Levinson test, for tuberculosis meningitis, of 
cerebrospinal fluid, 303 
Lev ulose, in urine, Borchardt’s test lor, 151 

SeliwanofTs test for, 151 

Lice, identification of, 537 

Liebig’s test, for cyanide, 785 

Lindemann’s te®t for diaeetic acid in urine, 155 

Linguatula serrata, 537 

Lipase, in bile, detection of, 226 

— Einhorn’s method for, 226 

Liponyssus bacola, 535 

Liquefaction, of coagulated scrum, by bacteria, 
406 

Litmus, milk, preparation of, 363 

— test, for reaction of urine, 130 
Liver, flukes, 274 

— functions, 233 

— function tests, methods for, 233, 851 

— infusion agar, preparation of, 371 
— -infusion medium, preparation of, 362 
Lyubinsky’s stain, for diphtheria bacilli, 397 
Locke egg-scrum medium, 261 

— preparation of, 377 

Lofller’s medium, preparation of, 372 

— methylene blue, formula for, 393 
— - — method fop staining with, 393 

Long’s synthetic medium, preparation of, 377 
Lucilia caesar, 538 
Luminal, detection of, 791 
Lung, disease, of rats, 25 

— fluke. See Paragonimns 
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Lung, continued 
— — paragoiiimus westcrmani, identification 
of, 275 

Lymph glands, examination of, for trypano- 
somes, 121 

— — bacteriological, 422 
Lymphadenitis, suppurative, method for ex 

am in all oti of, 423 
Lymphoblast, description of, 87 
Lymphocytes, description of, 79 

— normal range of, 88, 89 
in animals, 62 

— young forms of, description of, 87 
Lymphocytosis, 89 

Lymphogranuloma inguinale, Frei test for, 687 
Lymphopenia, 89, 9] 

Lyon’s stomach tube, 199 
Lyophlle, complement, for complement-fixation 
test, 620 

— process, for preservation of complement and 

sera, 588 

Lysis, of leptospira icterohaemorrliagiae, 506 

M and N agglutinogens for blood types, for 
exclusion of paternity, 615 
Macrocanthorbynchus hirudinaceus, ova of, 
273 

Macrocyte*. 93, 94 
Macrocytosis, 91 
Macrophages, in feces 251 
Madura foot, diagnosis of, 533 
Mafariae parasites, detection of, Barber- 
Komp thick smear method for, 115 

Bass- Johns concentration method lor, 116 

fre«h wet blood method for, 115 

methods for, 114 

thin smear method for, 115 

— cstno autumnal, identification of, 117 

— micropametocyte, description of, 117 

— pla«modmm malariac, 117 

Malignant pustule, bacillus anthracis in, iden- 
tification of, 4S9 

Mallory-Wright’s method, for staining tubercle 
bacilli tn tissue, 404 

Mallory’s aniline blue stain for, Tenal glomer- 
ulus, 818 * 

Mallory’s method for staining actinomyces In 
tissue, 405 

Mallory’s phloxine and methylene blue stain 
for tissue, 816 

Malonate medium, preparation of, 357 
Malta fever, 477 

Maltose agar, Sahouraud's, preparation of, 367 


Mandelliaum’e method, for cytodiagnosis, of 
effusions, 294 
Madelin's reagent, 794 
Mandler filler, 354 
Mange, ear of rabbit, 24 
Mann’s stain for Negri bodies, 508 
Manometric reading, for blood urea, 718 
Marquis reagent, 794 
Marsh te«t for arsenic, 781 
Marshall’s method, for urea in urine, 143 
Mason’s borax methylene blue, 394 
Jfa«son tnchrome staining methods, 831 

— connective tissue slain, 836 
— cytoplasmic stain, 836 

— nuclear stain, 835 

Mastic test, of cerebrospinal fluid, 312 
— — preparation of reagents for, 312 
reactions of. 312 

Mastoid, bacteriological examination of, 430 

— collection of matrnal from, for bacterio- 

logical examination, 322 
May-Cmnwald technic, for staining of bone 
marrow, 83 1 
Mayer’a albumin. 811 

Mayer’s baemalum stain method, for detection 
of cysts of ararbae, in fecea, 256 
McFarland’a neplielomeler, preparation of, 456 
McIntosh Fildra anaerobic jar, 387 
Mean, corpuscular volume, of erythrocytes, 61 

— determination of, 73 

— corpuscular hemoglobin, method for deter 

mining, 74, 75 

-corpu«cu!ar hemoglobin concentration, 75 
Meat, extract, 3- JO 

— infusion, for culture media, 310 

method for making, 310 

sugar free, 341 

— medium, cooked, preparation of, 361 
Mechanical stage, for microscope, 4 
Medicolegal application, of blood groups, for 

exclusion of paternity, 614 
Medicolegal examination for semen, 818 
Meg3lob)astj, 95 
Megalocytes, 93 

Melanin, in urine, detection of, 163 

Blackberg Wan gei’s test for, 183 

Meningitis, meningococcal, diagnosis of, 455 
——precipitin test for, 678 
—spinal fluid changes in, 315 

— tuberculous, Levinson test for, of cerebro 

spinal fluid, 303 

— — tryptophan test for, of cerebrospinal 

fluid, 303 
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Meningococcus, carriers of, method ior detec- 
tion, 457 

— fermentation of sugar by, 458 

— identification of, methods for, 455 

— typing of, agglutination lest for, 458 
Mercury, detection of, method for, 776, 782 
Mercury-combining power, of saliva, test for, 

197 

Metabolic rate, method for determination of, 
763 

Metallic poisons, detection of, method for, 779 
Metamyelocytes, 83 
Methanol, detection of, 789 
Methe'moglobin, determination of, 754 

— of blood, 713 
Methylene blue, borax, 394 
— eosin agar, 375 

— Loffler’s, 393 

— reductase test, of milk, 562 

Methyl red, indicator, preparation of, 379 

— pH range of, 344 

— test, 408 

— Voges-Proskauer medium, preparation of, 

357 

Mett’s, test for pepsin, 209 

— tubes, preparation of, 209 

Mice, blood cells in, normal ranges for, 62 

— feeding of, 19 

— identification of, 19 
— jars for, 18 

— normal, pulse rate, 20 

respiration, 20 

temperature, 20 

— paratyphoid of, 25 

— typhoid of, 25 

Micro-coverglasses, selection of, 334 
Microblast, 95 

Micrococcus, catarrbalis, method for identifi- 
cation of, 458 

fermentation of sugars by, 458 

— ilavescens, fermentation of sugars by, 458 

— flavus, fermentation of sugars by, 458 

— perfla\ us, fermentation of sugars by, 458 

— pliaryngis siccus, fermentation of sugars bv, 

458 

— sub-flavus, fermentation of sugars by, 458 

— tetragenus, 446 

identification of, methods for, 445 

Microcytes, 93, 94 

Microfilaria, bancrofti, description of, 118 

— examination of, 118 

concentration method, 118 

direct method, 118 


Microfilaria, continued 
staining method, 118 f 

— loa, description of, 128 

— Persians, description of, 118 

— species identification of, 118 
Micrometer, 12 

— eyepiece, 12 

— ocular disk for, 12 

— stage, 12 
Micrometry, 12 
Micromicrograms, 74 
Micron, 12 
Microscope, 1 

— accessory equipment for, 5 

— binocular, 4 

— care of, 6 

— central illumination of, 8 

— cleaning of, 6 

— condenser for, 4 

— cover for, 6 

— dark-field condenser for, 14 

— equipment for. 1 

— focusing of, 7 

— illumination for, 4 

— lamps for, 5 

— mechanical stage for, 4 

— micrometer eyepiece for, 12 

— monocular, 4 

— numerical aperture of, 10 

— objectives for, I 

achromatic, 1, 3 

adjustable, 4 

— - — apochromatic, 4 
dry, 3 

immersion, 3 

— oblique illumination of, 8 

— ocular micrometer disk for, 12 

— oculars for, 4 

compensating, 4 

huygenian, 4 

— optical system for, 1 

— parts of, 2 

— pointer for ocular of, 5 

— stage micrometer for, 12 

— substage condenser for, 4 
Abbe, 4 

— use of, 6 

Microscopic agglutination te=ts. See Aggluti- 
nation tests 

Microscopic examination, of exudate fluid", 
390 

— of feces, 250 
for worms, 287 


i 
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Microscopic examination, continued 

— of semen, 847 

— of stomach content, 211 
—of mine, 164 
Microscopy, <1ark-field, 13 

— of bile, 221, 222 
Microslides, selection of, 331 
Microsporon, 518 
Microoporon lanosnm, 518, 519 
Micro s porum audouini, 519, 520 
Microtome, 798 

— freezing, 799 
— knives for, 799 
'Sharpening of, 799 

— rotary, 798 

— sliding, 798 
Milk, agglutination te«t of, for abortion dis- 
ease, 601 

— bacteriological examination of, 558 

— chemical examination of. 765 

— complement fixation te«t with. 61 » 

— cow's, ash content of, 766 

— — barierial count of, standard plate method 
' for, 558 

benzoic acid in, lest for, 771 

borax in, test for, 772 

boric acid in, test for, 772 

casein in, determination of, 770 

collection of, for chemical exammation,765 

fat in, Babcock method for, 766 

cream of, estimation of, 767 

formaldehyde in, lest for, 771 

hemolytic streptococci in, recognition of, 

562 

— — methylene blue reduction, 562 

nitrogen in, estimation of, 768 

preservatives in, detection of, 771 

salicylic acid in, test for, 771 

sampling of, for chemical examination, 

765 

specific gravity of. 765 

sugar in, dtiwitiination oi, 111 

total solids in, determination of, 766 

— human, ash, percent of, 773 

— — chemical examination of, 772 
—collection of, 772 

fat in, determination of, 772 

lactose in, determination of, 773 

— — specific gravity of, 772 

— — sugar in, determination of, 773 

——total nitrogen in, determination of, 773 
total solids In, determination of, 773 

— media, preparation of, 363 


Milk, continued 

— paratyphoid bacilli in, detection of, 563 

— tubercle bacilli in, detection of, 482 

— typhoid bacilli in, detection of, 563 
Mites, identification of, 535 

— species identification of, 536 
Moeller's method for staining spores, 400 
Moisture, in foods, detection of, 774 
Manilla, albicans, 527, 530 

— Candida, 527 

— krusei, 527, 530 

— parapsilosis, 527, 530 
Moniliasis, diagnosis of, 527 

animal inoculation for, 528 

— — Cultures for, 527 

direct method for, 527 

Monkey, blood cells In, normal ranges of, 62 
Monocytes, description of, 79 

— normal range of, 88, 89 
in animals, 62 

, Monocytosis, 89, 91 

Mononucleosis infectious, heterophile antibody 
test for, 113 
Monopenia, 89 

Mornx-Axenfeld bacillus, identification of, 
methods for, 468 
Morphine, detection of, 791 
Mosenthal’s test, for kidney function, 181 
Moss classification of, blood groups, 607 
Mouse. See Mice 

Mouth, bacteriological examination of, 428 
Mucors, 529 

Mucus, in bile, 220, 22S, 230 

— in feces, 242, 252 

— in gastric juices, 212 

— in urine, 176 

— membranes, methods of examination, for 

animal parasites, 53 1 
Mudd's filtration apparatus, 353 
Mule, glanders in, agglutination test for, 602 

— sera, complement fixation with, 644 
Miffiefo fluid, lor decalc'ifl cation of bone. WT3 
Muscle fibers, in feces, 251 

Museum specimens, labeling of, 810 

— fixation of, 838 
Kaiserling, 838 

— mounting of, 810 

— preparation of, 837 

glass frames for, 839 

— — selection of j’ars, 839 
KJotz method for, 839 

Multiple sclerosis, spinal fluid changes in, 315 
Mycelium, 515 
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Mycetoma, diagnosis, of, 533 
Mycobacterium leprae, detection of, methods 
' for, '486 

Mycobacterium smegmatis, identification of. 
485 

Mycobacterium tuberculosis. See oho Tubercle 
■I , bacilli 

— identification of, 479 
Mycoderipa laclis, 530 
Mycologic terras, glossary, 515 
Myeologiral methods, diagnostic, 512 
Myelin, globules, rn sputum, 105, 196 

threads, in bile, 221, 225, 229 
Myeloblast, 91 

— description of, 86 
Myelocyte, basophilic, 87 
, — description of, 87 

— eosinophilic, 87 

— neutrophilic, 87 

My ( rs-Marcldl method, for blood cholesterol. 
744 

Myiasis, diagnosis of. 538 

— intestinal, diagnosis of, 287 

— urinary, 539 

Magana, diagnosis of, 120 
.Napier’s aldeliMh- test, for diagnosis of Kala* 
a Mr, 124 

Na^ol, catarrh, of rabbits, 24 
— • coccitliosib, of rabbits, 24 
Nasopharynx, bacteriological examination of, 
427 

— collection of materia? from, for haded" 

1 logical examination, 318 

Namnann’s test for bile pigments, in urine, 156 
Nectator aruencanos, 283 
— ora of. 273 

NeerobacillosK diagnosis, 499 
Necropsy material, collection of, 331 
Nccroroospcrmia, 846 
Needle, Ilagecloin, 33, 54 
■ — pricks, treatment of, 48 
Negri bodies, 507 

— Mann’s stain for. 508 r < 

Neisseria. See oho Micrococcus 
Neisseria gonorrhoeae,, identificatkm of, 454 
Neisseria mtiacdUiIam, identification of. 455 
Neisser’fe stain, for diphtheria bacilli. 396 
Ncrrtatoda, 281 

Nepdennoplivton jnguihaje, 522 ; 

Nephelometer, method, for standardization of, 
•rvacrlne*, 545 

—McFarland’s, preparation of, 546 


yuri 

Nephelometry, 689 , 

Nephritis, Addis count In, 191 

— urinary findings in;- 174 

Nesrierizatipn, notes on, 720 , 

Neuhauer ruling, 53 

Neufeld quelling lest^for typing pneumococci, 
447 

Neutral fats, in fetes, 251 
Neutropenia, 89, 90 „ , 

| Neutrophilia, 89, 90 ' 

Neutrophils, classification of, Arnclh’s, 81 

Cooke-Ponder, 82 

— —Farley qt al, 84 

— — Pons-Krurabnar’s, 83 

— — Schilling's, 81 

— degeneration index of, 86 

— description of, 80 

— fifamented, 82 

— granulation of, basophilic or "toxic,” 84, 

85 

— Kaigel-Rosenthal index of, 86 

— non-fiiamented. 82 
• — non-segmented, 83 

— normal range of, 88, 89 

— — in animals, 62 < 

— nuclear index of, 84 

— qualitatiye changes in, 80 

— segmented, 83 > 

— • Schilling’"! index of. 84 

— shift to the left, 80 

— shift to the right, 80 
Niren«Je)n*SehiiTs modification of Melt test. 

fni peprin, 209 * 

Nitrate, hemo-peptone water. preparation of, 
35? 

— - peptone water, preparation of, 356 

— reduction of, bv bacteria, test for, 407 

— solution, siher, standard, preparation of. 

706 

stock, preparation of, 705 

Nitric acid, for decalcification of bone, 827 
Nitrobenzene, detection of, in urine, blood, 
rile., 789 

Nitrogen, nonprolpm, blood, determination of, 
Folin-Wu method for, 719 
table for, 722 

— total, in cow's milk, 768 

in human milk, 773 r ' 

r— ured, blood, calculation of, 719 

. — determination of, Karr’s method for, 

75,1 

— * — Keller’s method for, 716 

— . — nianomelric reading for, 718 
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Nitrogen, continued 

Van Slyke maoomrtric method /or, 

716 

Nits, 537 

Nonne-Apelt’s test, for protein, in cerebro- 
spinal Raid, 303 

Nonprotein nitrogen, blood, determination of, 
Folin-Wn method for, 719 
— -normal ranges of, 712 

— table for, 722 

Normal, acid ctme in gastric analysis, 205 

— erythrocytes, 93, 94 

— hydrochloric acid, preparation of. 700 

— physiological saline solution, preparation of, 

701 

— ranges, of blood cells, of animals, 62 
— • — of hemoglobin, 61 

of leukocytes, 89 

sedimentation rate, 105 

— — total acidity, in gastric contents, 205 

— serum, collection of, 586 

— sulphuric acid solution, method of prepara- 

tion of, 698 

— value*, for Addis sediment count, 191 

for blood chemistry, 712 

Normoblast, 91, 95 

Nose, bacteriological examination of, 426 

— collection of material from, for bacteriolog 

ical examination, 318 
Novy jar, for anaerobic cultivation, 387 
Nubecula of urine, 130 
Nuclear index, of neutrophils, 81 
Nuclear stain, Ma«ton trichrome staining 
methods, 835 

Nucleated erythrocytes, 95 
Numerical aperture, of microscope, 10 
Nutrient, agar, preparation of, A.P.H.A. 
standard method, 366 

— broth, preparation of, A.P.IIA. standard 

method, 358 


O, antigen, preparation of, 592 
Obermayer’s test for indican in urine, 155 
Objectives, for microscope, 1 

— adjuMable, 4 

— apocliromatic, 4 

— dark-field, 14 

— dry, 3 

— -immersion, 3 

Occult htood, benzidine test for, 161, 207, 245 

— nrtbotoluidine test for, 161, 208, 244 

— • phenotphlhatein test for, 211 ' 


Oculars, for microscope, 4 
— - — compensating, 4 

huygenian, 4 

— —micrometer disks for, 12 
— — pointer for, 5 
Odor, of feces, 212 
-of urine. 129 
Oidia, 515 

Oidium albican*, 527 

Oleaginous substance, in bile, 225, 230 

Old world bookworm, 283 

Oligocythemia, 68 

Oligoznospermia, 816 

Oliguria. 129 

Oiit*ky’s method, for detection of meningo- 
coccus larriers, 457 

Olive oil tubes, for delecting !ipa*e, in Inle, 
228 

Oliver’s te«l for bile salts, in urine. 157 
Onchocerca volvulus. 534 
Oospores, 515 
Operculum, 272 

Opi*lliorclus felmeus identification of, 274 

— ova of, 272 

Op*ono phagocytic test, for undulant fever, 478 
Optical system, for microscope, 1 
Organic, acids, action of, bacteria on, 407 

— volatile poi«on«, detection of. 789 
Ormthrodorus moubata. 537 
Ortliotoluidine te*t, for occult blood, 214 
in gastric juice, 208 

■ in urine, 161 

O*good-Iiaskins method, for hemoglobin esli 
mat ion. 65 

Ostwahi Fnlin pipets, 711 
OstwaldVan Slyke pipet, 718 
Ova, identification of, 272 

— in fece*, detection of, 268 

brine-flotation method for, 271 

concentration methods, 263, 271 

—cultural methods for, 272 

direct smear method for, 263 

Pepper’s method for, 271 

— preservation of, 289 

— in sputum, 197 

Oxalate, sodium, tenth normal, preparation of, 
702 

Oxalated blood, for hematological examina- 
tions, 58 

— tubes, preparation of, for blood chemistry, 

710 

Oxalic acid paper, method of using in test for 
indol, 107 
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Plienolsulphonpbthalein test, Abramson’# 
method, 183 

— in jaundice, 187 

— normals, 189 

— significance of, 189 

— sources of error, 188 

Phenylbydraxin test, for formaldehyde, in 
cow’s milk, 771 

Phosphatase, blood, determination of, Bodan- 
sky’s method for, 756 

— units, in disease of the bones, 758 
Phosphorus, detection of, in gastro intestinal 

contents, 788 

— inorganic, blood, determination of, 741 
Phosphotungstic acid hematoxylin, for stain 

mg of tissues, 817 
Photo electric methods, 691 
■ — for estimating hemoglobin, 67 
Physiological saline solution. See Saline sotu 
tion 

Picric acid, purification, Benedict’# method, 
725 

— test, for cyanide, 786 

Picro-formol acetic acid mixture, for fixation 
of tissues, 806 
Pigment, in bile, 225 

— iron containing, stain for, 822 

— production of, by bacteria, 406 
Pin worm, 282 

Pink eye, Koch Weeks bacillus in, 468 
Piper, blood, cleaning of, 63 

— • — -Drummond holder for. 56 
filling of, 55 

sealing of, 56, 60 

Thoms diluting, 52 

Trenner automatic, 52 

closure for, 56 

— box. 336 

— cleansing of, 63 
■ — Folin-Wu, 729 

■ — Ostwald Folin, 711 

— Ostwald Van Slyke, 718 

— plugging of, 335 

— serological, Kolmer's, 616 
Pityriasis ver«icolor, diagnosis, 523 
Plague, bubonic, agglutination test for, 603 

^bacteriological diagnosis of, 471 

in rodents, 472 

selection of animals for, 22 

precipitin test for, 677 

Plasma cell*, Unna's alkaline methylene blue 
solution, for staining of, 819 
Plasmodia, specie* identification of, 116 


Plasmodium, falciparum, lit, 117 

— life cycle of, 114 

— malariae, 114, 117 

— vivax, 114, 116 

Platelets, counting of, diluting fluid for, 
Leake-Cuy’s, 99 

— — — Rees Ecker's, 99 

Wright-Kinnicutt’s, 99 

— — Fonio’s method for, 98 

— normal ranges of, 60 
in animal*, 62 

Plaut-Vinrent’s angina, diagnosis of, 503 
Pleural, exudates, bacteriological examina- 
tion nf, 43-4 

— fluids collection of. for bacteriological ex- 

amination, 322 

tubercle bacilli in, detection of, 481 

— transudates, bacteriological examination of, 

434 

Plugging le«t tubes, fla«ks, and pipets, 335 
Pneumococcus, identification of, methods for, 
446 

— Infections, diagnosis of, selection of animal* 

for. 21 

— solubility of, with dcsoxycholate, 409 

— types of, 447 

Avery cultural precipitation test for, 453 

in blood cultures, 453 

in cerebrospinal fluid, 453 

precipitation test for, 4S2 

Sabin method for, 453 

Pneumonia, of guinea-pigs, 23 

— of rabbits, 24 
Poikilocytes, 93, 94 
Pointer, for ocular, 5 

Poisoning, food, methods for examination in, 
501 

Poisons, detection of, method for, 779 
-organic \nlalile, method for detection of, 
789 

Poliomyelitis, cerebrospinal fluid in, 315 

examination of, 299 

Polychromatophilia, 94, 95 
Polycythemia, 68 

— sera, 94 

Polyhedral epithelial cells, in urine, 170 
Polymorphonuclear. See Neutrophil 
Polyuria, 129 

— nocturnal, 129 

Pons Krumbaar’s classification of neutrophils, 
83 

Pork, infusion, preparation of. 376 

— tape worm, 277 
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Postmortem examination, technic of, 45 

— of test animals, 45 

Potassium chlorate, detection of, in stomach, 
urine, etc , 788 

Potassium dichromate solution, preparation of, 
tenth normal, 704 
Potassium oxalate solution, 378 
Potassium permanganate, tenth normal, prepa- 
ration of, 702 

Potato medium, preparation of, 373 
Pondered culture media, 339 
Precipitation test, for blood stains, 676 
- — for echinococcus disease, 678 

— for identification of B. anthracis, 461, 678 

— for meningitis, 678 

— for plague. 677 

— for proteins, 676 

— for syphilis, methods for conducting, 647 

— for tv ping pneumococci, 452 

— Lancefield’s, for grouping of streptococci, 

444 

Pregnancy, tests for, 177 

Ascheim-Zondek’s, 177 

Friedman’s, 178 

Premyelocytcs, description of, 86 
Preservation, of bacterial vaccines, 547 

— of ova, in feces, 289 

— of serum. 588 

— of urine, 128 

— of worms, 289 

Preservative*, in cow’s milk, detection of, 771 
Presumptive test, for coli-aerogenes group, in 
water, 566 

— Kahn, procedure for, 660 
Prelransfusion tests, methods for, 607 
Price method for gonococcus antigen. 638 
Price Jones method for measuring erythro- 
cytes, 96 

Prostate gland, bacteriological examination of, 
438 

Prostatic secretion, collection of, for bacterio- 
logical examination, 327 
Prostatitis, urinary findings in, 175 
Proteins, differentiation of, test for, 676 

— m cerebrospinal fluid. Esbacli’s test for, 304 
Kingsbury, Clark, Williams, and Post 

method, 304 

Nonne-Apelt’s test for, 303 

Pandy’s test for, 302 

Ross-Jones test for, 303 

Sicard-Cantelouble method for, 304 

— in exudates, Rivalta test for, 291, 292 

Proteins, in foods, estimation of, 774 


Proteins, continued 

— in human milk, determination of, 773 

— in transudates, Rivalta test for, 291, 292 

— in urine, detection of, Bence-Jones, 142 

— precipitation test for, 676 

Protein-free filtrate, blood, preparation of, 711 
Proteoses, in urine, detection of, 142 
Proteus-vulgaris, identification of, 488. See 
also Bacillus proteus 

Prothrombin time, method for determining, 101 
Prothrombin, determination of, 843 
Protozoa, in mouth, 539 

— in vagina, 539 

— intestinal, 253 

— of skin, 534 
Protozoon cysts, 257 

Prussian blue test, for cyanide, 785 
Pseudocasls, in urine, 176 
Pseudomonas aeruginosa, identification of, 
methods for, 473 

Pscudotuberculosis, of guinea pigs, 23 
Purdy’s test for albumin in urine, 135 
Pus, bacteriological examination of, 414 

— easts, in urine, 176 

— in bile, 224, 225, 229 

— in suppurative lymphadenitis, method* of 

examination, 423 
— an urine, 171 
Donne's test for, 129 

— staphylococcus bacteriophage in, isolation 

of, 554 

Pyelitis, urinary - findings in, 175 
Pyocyanine, 473 

PyTogallic-tannic acid test, for carbon mon- 
oxide, in blood, 783 

Quartan malaria, 117 

Quellung reaction, for typing pneumococci, 447 
Quick’s method for prothrombin, 843 

Rabbi!*, bladder worms of, 25 

— bleeding of, 40, 41 

— blood cells in, normal ranges of, 62 

— box for bolding, 30 

— cages for, 18 

— coccidioris of, 24 

— diseases of, 24 

— ear mange of, 24 

— feeding of, 20 

— giardiasis of, 25 

— •identification of, 19 

— injection of, 28, 29, 38, 39, 40 
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Rabbit, continued 

— nasal catatrh of, 24 

— normal, respiration of, 20 
temperature of, 20 

— - — pulse rate of, 20 

— parasitic cysts of, 25 

— pneumonia of, 24 

— sera, complement-fixation test with, 611 
Rabies, laboratory diagnosis of, 507 
Rack, for urine tubes, Roerner's, 128 
Rat, blood cells In, normal ranges of, 62 

— cages for, 18 

— diseases of, 25 

— feeding of, 20 

— identification of, 19 

— injection of, 36 

— lung disease of, 25 

— normal, pulse rate of, 20 
respiration of, 20 

— — temperature of, 20 

— paratyphoid of, 2S 
Rot-Idle fever, diagnosis of, 506 
Rat fleas, 537 

Ray fungus. See Actinomyces 
Reaction, of bacterial cultures, determination 
of, 319 

— of cerebrospinal fluid, 300 

— of feces, determination of. 213 

— of urine, determination of, 130 
Reagents, bacteriological, 378 

Rectum, bacteriological examination of, 436 

collection of material for, 323 

Recurrent fe»er, diagnosis of, 501 
Red Cells, See Erythrocytes 
Reductase test, of milk, 562 
Rees Ecker's diluting fluid, for counting 
platelets, 99 

Regaud's hematoxylin, 835 
Regional distribution, of patfingenic organisms, 
414 

Rehfu«s’ stomach tube, 199 
Reinach method, for detecting arsenic, anti 
mony and mercury, 776 
Renal, disease, urinary findings in, 174 

— function tests, 181. See also Kidney func-" 

tion tests 

— glomerulus, Mallory’s aniline blue stain for, 

818 

Rennin, in gastric juice, Lee’s test for, 211 

Riegel’s lest for, 211 

Reticulated erythrocyte*, 95 
Reticulocytes, method for counting, 97 

— normal ranges of, 60 


Rhinoscleroms, bacillus of, Identification of, 
475 

Rhizoids, 516 
Rbizopus, 516 

Rickert’s method, for culturing root canals, 
321 

Riegel’s test, for rennin, in gastric juice, 211 
Ringworm fungi, identification of, 516 
Rivalta test for protein, in exudates and tran- 
sudates, 291, 292 

Robert's fOsrTor determination of albumin in 
urine, 137 

Robinson’s colony counter, 559 
Rocky mountain spotted fever, agglutination 
test for, 601 

Rodents, diagnosis of plague in, 472 
Rose bengal test, 237 

Rosenbaeh’s modification of Gmelin's lest, for 
bile pigments in urine, 156 
Rosenberger-Greenman's wire holder, 382 
Rosenow’s modification, of glucose brain broth, 
preparation of, 360 

Rosenthal- White’s metliod, (or brarasulphalein 
test, 239 

Ross-Jones test, for protein, qualitative estima- 
tion, in cerebrospinal fluid, 303 
Rothera’s te«t for acetone in urine, 153 
Roth's method, intravenous injection, of 
guinea pig, 31 
of mouse, 33 

Rouleaux formation, of erythrocytes, 610 
Round worm*. 281 
— examination of feces for, 268 
Ruhner’s test for lactose m urine, 152 
Russel’s double sugar agar, preparation of, 
368 

Ruttan-Hardusty’a test, for occult blood, 211 


Sabin’s method for typing pneumococci, 45.3 
S&boutaud’e, dextrose agar, preparation of, 
366 

— maltose agar, preparation of, 367 
Saccharomyces cerevisae, 530 

Sach’s method, for anticomplemenlary sera, 
for complement-fixation test, 636 
Sahli, hemo meter, 65 

— method, for hemoglobin estimation, 64 
Salicylic acid, in milk, test for, 771 

Saline solution, physiological, preparation of* 
704 

— — dispensing of, 707 
titration of, 707 



INDEX 


911 


Saline solution, continued 

— preparation of, for complement-fixation test, 

617, 858 

— titration of, for colloidal gold test, of cere- 

brospinal fluid, 308 

Saliva, mercury-combining power of, test for, 
197 

Salivary corpuscles, in bile, 224, 225, 229 
Salmonella, aertrjcke, identification of, 494 

— enteritidis. identification of, 494 

— group, cultural reactions of, 495 

— morganii, identification of, 494 

— paratyphi, identification of, 493. See also 

Bacillus paratyplious 

— pullorum. See Bacillus pullorum 

— scliottmiilleri, identification of, 493 
Sanford-Magath hematocrit tube, 71 
Sanford’s method, for tonicity of erythrocytes, 

107 

Sanford, Sheard and Osterberg. photo-electric- 
cell method, for estimating hemoglobin, 67 
SanPaulo typhus, agglutination test for, 604 
Sarcophaga, camara, 538 

— larvae of, in feces, 287 
Sarcoptes, scabici, 535 
Saturation index, of erythrocytes, 61 

method for determining, 75 

normal ranges, 60 

Saxe urino-pyhnomeier, determination of spe- 
cific gravity, 132 

Saxon’s method, for fat determination, in 
feces, 249 

Sayer-Yant test, for carbon monoxide in blood, 
784 

Scabies, diagnosis of, 535 
Scalds, treatment of, 49 

Scliaudinn’s solution, for detection, of ame- 
bae, 258 

Schilling’s blood count. 83 

Schilling’s classification, of neutrophils, 81 

Schilling’s index, 81- 

Schistosoma, liematobium, 273, 275 

— japonicum, 273 

— mansoni, 273, 275 

Schlesinger’s test for urobilin, in urine, 158 
Schmidt’s, nuclei test, 253 

— test diet, 252 

— test, for urobilin, 245 
Schmitz’s bacillus of dysentery, 494 
Schonbein's test for cyanide, 785 

Scolices, of tape worms, examination for in 
feces, 288 

• — of taenia echinococcus 280 


Scopome try, 689 

Scott-Wilson reagent, 154 s 

Scratch test, for allergy, 682 

Screw worm, American, 538 

Seal worm, 282, 534 

Sections. See Tissue 

Sediment, in cerebrospinal fluid, 300 

— urinary", 129 

Addis count of, 189 

examination of, 165 

in disease, 174 

Sedimentation, curves, 104 

— rate, of erythrocytes, 104 

factors influencing, 105 

methods for determining, 102 

normal range of, 60, 105 

— test, method of collecting and adjusting 

blood for, 102 

— tubes. Cutler’s, 103, 104 

Westergren’s, 104 

Wintrobe’s, 104 

Seitz filter, 354 

Selenite-F enrichment medium, preparation 
of, 363 

Seliwanoff’s test for levulose, in urine, 151 
Semen, collection of, 845 

— detection of, medicolegal, 848 

— -examination of, macroscopic, 845 
microscopic, 847 

— Florence test for, 849 

— staining of, 847 

Seminal fluid, see semen above. 

Semisolid, agar, preparation of, 366 

— medium, for fermentation tests, preparation 

of, 365 

Separatory' funnel, 207 
Septa, 515 

Serological methods, 580 
Serological pipefs, Kolmer, 616 
Serous meningitis, spinal fluid changes in, 315 
Serum, allergy to, test for, 686 

— anticomplementary', complement-fixation lest 

with, 634 

Sach’s method, modified, 636 

— collection of, 586 
-convalescent, 586 

— ■- — for aerological tests, 580 
normal, 586 

— lipase in, test for, 852 

— preparation of, for blood grouping. 614 

for complement-fixation test, 621 

— - — for culture media, 359 

— preservation of, 588 
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Scrum, continued 
cryochem process for, 589 

— — lyophile process for, 588 

— separation of, 586 
Shaker, mechanical, for vaccines. 542 
Shear's method for ova, Benbrook modification, 

268 

Sheep, bleeding of, 43 

— blood cells in, normal ranges of, 62 

— cells, preparation of, for complement-fixa- 

tion lest, 617, 860 

Slier ky Stafford's test for albumin in urine, 
141 

Shift to the left, of neutrophils, 80 

degenerative, 82 

regenerative, 82 

Shift to the right, of neutrophils, 80 
Slugs'* d)«entery bacillus, 493 
Shigella, djsenteriae, Identification of, 493. See 
also Bacillus djsentcriae 

— genus, cultural reactions of, 495 

sugar fermentation by, 494 

Shipment of feces, 289 

Sicard Canlelouble method for, protein, in 
cerebrospinal fluid, 30-4 
Sickle celled anemia, 93 
Sickle cells, 93 

— demonstration of, Beck-Hertz method for, 

96 

Silver impregnation of ti«sue, 822 
Silver nitrate solution, standard, preparation 
of, 706 

— stock, preparation of, 705 
Silver lest for cjanjde. 786 

Simplified complement-fixation test, Kolmcr’s, 
853 

Simmon’s citrate agar, preparation of, 369 
Sinuses, bacteriological examination of, 426 
— collection of material from, for bacterio 
logical examination, 318 
Skin, bacteriological examination of, 440 

— parasites of, methods for examination, 534 

— tests, for allergy, 681 
Sleeping sickness, 120, 122 

Slides, cleaning of, for blood smears, 56 

— cleansing of, 334, 335 
Smegma bacillus, 485 
Smillie’s anaerobic jar, 388 
SnufOes of rabbits, 24 
Soap*, in feces, 249 

Sodium, carbonate, detection of, in stomach 
contents, 788 

—chloride solution See Saline solutions 


Sodium, carbonate, continued 

— citrate-sodium chloride solution, 378 

— desoxjcholate, for solubility of pneumo- 

cocci, 409 

— hippurate broth, preparation of, 359 
—hypochlorite, diluted solution of, prepara 

tion of, 703 

— hydroxide solutions, preparation of, 700 

— tenth normal, 701 

— oleate agar, preparation of, 370 

— oxalatr, tenth normal, preparation of, 
702 

— thiosulphate solution, preparation of, tenth 

norma], 703 

Solids, total, in cow’s milk, 766 
— —in human milk, 773 
Solutions, standard volumetric, preparation of, 
698 

Sonne bacillus of dysentery, 491 
Sltrensen's standard phosphate solutions, 343 
Soumn, diagnosis of, 120 
Sparkman method for urobilinogen, 819 
Specific gravity, of cerebrospinal fluid, 300 

— of cow’s milk, 76S 

— of exudates, 291 

— of human milk, 772 

— of sputum. 194 

— of transudates, 291 

— of urine, 131 

Spencer test, for tryptic activity, in gastric 
juice, 210 

Spermatozoa, In urine, 176 

Spermatozoa, biometrical examination of, 818 

— counting of, 846 

— immature and abnormal, 817 

— in semen, 815 

— in urine, 176 

— morphological examioalion of, 847 

— motility of, 816 

— staining of, 847 
Spherocytes, 93 

Spinal fluid. See Cerrbro«pinal fluid 
Spinal puncture, methods for, 296 
Spirals, SI 6 

Spirillum, of cholera, 496 

— minus, 506 

Spirochaeta, macrodenlium, 503 

— microdeni ium, 503 

— mors us minus, 506 

— novyi, 504 

— •oberraeiereri, 504 

— • pallida, collection of material for, 328 
— —detection of, by rabbit inoculation, 506 
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Spirochaeta, continued 

infection, diagnosis of, 506. See Syphilis 

— \incentii, 502 

Spirochetes, india ink method for, 402 

— method for staining, Fontana’s, 401 

— ■ — Tunnicliff’s, 402 
Sporangiophore, 515 
Sporangium, 515 
Spores, 515 

— methods for staining. Dorner’s, 399 
Moeller’s, 400 

Sporotrichosis, diagnosis of, direct method. 525 
Sporotrichum, 516 

— schencki, 525, 526 

Sporo7oa, intestinal, examination for, 266 
Spray plate method, for cultivating anaerobes, 
387 

Spray’s tentative key, for identification, of 
anaerobes, sporulaling, 419 
Sprue, diagnosis of, 527 
Sputum, actinomyces hominis in, 196 

— albumin in, test for, 197 

— bacteriology of, 430 

— bloody, 193 

— bronchial casts in; 194 

— broncholiths in, 194 

— Charcot-Leyden crystals in, 194, 196 

— collection of, 193 

— . — Tor bacteriological examination, 319 

— color of, 193 

— Curschmann’s spirals in. 194 

— Dittrich’s plugs in, 194 

— elastic fibers in, 194, 196 

— eosinophils in, 195 

— examination of, methods for, 192, 194 

— heart failure cells in, 194 

— lung stones in, 194 

— mucoid, 193 

— myelin globules in, 195, 196 

— occult blood in, test for, 197 

— odor of, 193 

— ova in, paragonimus kellicotti, 197 

paragonimus ringeri, 197 

paragonimus westerraanii, 197 

— pigmented cells in, 194 

— purulent, 193 

— reaction of, 194 

— serous, 193 

— specific grarity of, 194 

— tubercle bacilli in, detection of, 479, 484 
Squamous epithelia, in bile, 229 

— in urine, 169 
Squibb’s urinometcr, 131 


Stab cells, 81 , 

Staining, acid-fact bacilli, 395, 396 
— • actinomyces, in tissue, 405 
— 'bacteria, 393 
— • — in tissue, 402 

— Brown-Brenn stain for, 403 

— Goodpasture’s method, 402 

— Gram-Weigert’s method for, 403 

Pappenheimer’s method for, 403 

— • — with Albert’s stain, 397 

with borax methylene blue, 394 

with carbolfucbsin. 395 

with Gram’s stain. 394, 395 

with Neisser’s stain, 396 

• with Wayson’s stain, 394 

— blood smears, 76 

— ^-Giemsa’s method for, 77 
— — Jenner’s method for, 77 

Pappenheim’s pyronine-methyl-green 

method for, 78 

peroxidase, 91 

supravital method for, 78 

Wright’s method, 77 

— capsules, methods for, 400 

— diphtheria bacilli, with Ljubinsky’s stain, 

397 

with Lii filers methylene blue, 393 

— flagella, 399 

— fusiform bacilli, TunniclifFs method for, 

402 

— microfilaria, 118 

— Negri bodies, 508 

— spirochetes, TunniclilPs method for, 402 
‘ — spores, methods for, 399 

— tubercle bacilli, in tissue, Mallory-Wright’s 

method for, 404 
Staining-dish, 393 
Stains. See Staining ’ 

Stanley’s modification, for histological exam- 
ination of transudates. 294 
Staphylococci, bacteriophage, isolation of, 
554 

prepaiation of, 555 

— for testing disinfectants, 576 

— methods for identification, 441 

— selection of test animals for, 21 
Starch, broth, preparation of, 362 

— cells, in bile, 231 

— detection of, in foods, 774 

— granules, in gastric juice, 324 

— in feces, 251 

— test solution, preparation of, 704 

— tubes, for detecting amylase, 226 
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Standard, solutions, preparation of, for titrat- 
ing 085% saline solution, 706 

— ammonium thiocyanate solution, preparation 

of, 706 

— plate method, for total bacterial count of 

milk, 558 

— silver nitrate solution, preparation of, 706 

— volumetric solutions, preparation of, 698 
Standardized iodine solution, for amebae cysts, 

256 

Stcpladder curve, for acid, in gastric analysis, 
205 

Sterigma, 515 

Sterilization, by filtration, 353 

— of bacterial vaccines, chemical, 517 
by beat, 548 

— of culture media, with heat, 350 
Sterilization, of glassware, 333, 336 

— water bath method, 353 
Sterilizer, Arnold, 352 

— hot air, 336 

Stewart counting apparatus, 559 
Stippling, of erythrocytes, 91, 95 
Stolon, 515 

Stomach contents, analysis of, 199, See also 
Gastric analysis 

— collection of, 199 

— free hydrochloric acid in, determination of, 

201 

— microscopy of, 212 

— removing fractions of, for gastric analysis, 

200 

— total acidity of. determination of, 201 
Stomach tube, introduction of, 199 

— Lyon’s, 199 
— Rehfuss’, 199 
Stool. See Feces 

Straus test, for the diagnosis, of glanders, 476 
Strauss’s test, determination of lactic acid. In 
gastric juice, 207 

Streptococci, antigen, for complement fixation 
test, 638 

— bacteriophage, for therapy, preparation of, 

556 

— grouping of, by precipitin reaction. Lance- 

field, 441 

— hemolysis around colonics of, 411 

— identification of, mouse inoculation test for, 

415 

— In milk, 562 

— methods for identification, 412 

— test for fibrinolysis by, 415 


Streptococci, continued 

— typing of, micro-agglutination technic for, 

411 

Streptococcus, infections, selection of animals 
for, 21 

— pyogenes, 412 

— wridans in pneumonia, of guinea-pigs, 23 
Slrongyloides strfcorslis, 281 

— larvae of, 283 
in bile, 221. 231 

— ova of, 281, 285 
Strychnine, detection of, 791 
Subcutaneous injection, of animals, 27 
Subdural injection, of rabbits, 39 
Suli»tage condenser, 4 

— Abbe, 4 

— achromatic, 4 

— apochromatic, 4 
Suction pump, 619 

— water, 352 

Sugar, free meat Infusion, 311. See also Dex- 
trose 

— m blood, 728. See Blood sugar 

— in cerebrospinal fluid, determination of. 305 

— in cow’e milk, determination of, 770 

— in foods, estimation of, 771 

— in human milk, determination of, 773 

— in urine, estimation of, 116 

— mite, 535 

— tolerance, determination of, 731 

one-hour two dose lest for, Exton-Ro*e, 

735 

Sulfanilamide, determination of, in blood, 865 
in urine, 865 

Sulfapyridine, determination of, in blood, 867 
SulfathiazoTe, determination of, in blood, 867 
Sullivan’s method for, determination of cys- 
tine, in finger nails, 759 
Sulphosalicylic acid test, for albumin in urine, 
13J 

Sulphuric acid solutions, preparation of, stand- 
ard normal, 698 

— — twelfth normal, 699 

Sumner’s test, for dextrose in urine, 150 
Surface streak plates, 383 
Surra, diagnosis ol, 120 
Suppurative lymphadenitis, pus In, method of 
examination of, 423 
Supravital staining, of blood, 78 
Swine, blood cells in, normal Tanges of, 62 

— erysipelas, diagnosis of, 500 

Synthetic medium. Long’s, preparation of, 377 
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Syphilis, bacteriological diagnosis of, 506 

— cerebrospinal fluid m, 315 
examination of, 299 

— complement-fixation test for, 616. See Com- 

plement-fixation test for syphilis 

— Cagle test for, 670 

• — Hinton test for, 671 

— Kahn test for. See Kahn test 

— Kline microscopic test for, 662. See Kline 

test 

Symptomatic anthrax, 499 


Tabardilla, agglutination of bacillus proteus 
in, 604 

Taenia, echinococcus, 280 
scolices of, 280 

— pisifornus. c>sls of, in rabbits, 25 

— eaginala, ova of, 273, 276, 277 

— solium, 277 

ota of. 273 

Tags for animals, 19 
Takata test, method for. 240 

Tannic acid test, for carbon monoxide in 
blood, 783 

Tape w orm, beef, 276. See also Taenia 

— dog, 280 

— dwarf, 278, 279 

— examination of feces for, 268 

— fish, 278 

— beads, examination for, in feces, 288 
— pork, 277 

Teeth, bacteriological examination of, 428 

— collection of material from, for bacteriolog- 

ical examination, 320 

— culturing of, through root canal, Richert’s 

method, 321 

— extracted, culturing of, 320 

— sockets, culturing of, 321 
Tcischmann’s test for blood stains, 795 
Tellurite, chocolate agar, preparation of, 372 

— cy stine agar, preparation of, 372 
Terctomata, early diagnosis of, 177, 179 
Terry’s method, for preparing sections of tis- 
sue. 802 

Terry’s neutralized polychrome methylene blue, 
820 

Test tubes, plugging of, 335 

— selection of, 333 

Testicular, infusion agar, method for prepara- 
tion of, 373 

— injection, of rabbit, 40 
Tertian malaria, 116 


Tetanus, bacillus of, 418, 422 

— diagnosis of, 421 

Tetragenus, micrococcus, identification of. 

methods for, 445 
Tballospote, 515 
Thallus, 515 

Thiocyanate solution, ammonium, preparation 
of, standard, 706 
stock, 705 

Thiocyanates. determination of, in blood, 869 
Thiosulphate solution, sodium, preparation of, 
tenth normal, 703 
Thoma, blood pipe!. 52 
Throat, bacteriological examination of, 427 
Thrush, diagnosis of, 527 
— —animal inoculation for, 528 

cultures for, 527 

direct method for, 527 

Tin mo), presen at he for urine, 227, 228 
Tick-bile fe\er, agglutination of bacillus 
Proteus in, 604 
Ticks, identification of, 536 
Tillet-Garner, test for fibrinol>sis, by hemolytic 
streptococci, 445 
Tinea xersicolor, 523 

Tenth normal, hjdrochloric acid, preparation 
or, 700 

— potassium dichromate solution, preparation 

of, 704 

— sodium hydroxide solution, preparation of, 

701 

Tissue, clearing of, 808 
— -"-Masson trichrome method, 835 

— with benzol, 809 

with cedar-wood oil, 809 

with chloroform, 809 

• — dehydration of, 807 

Masson trichrome method for, 835 

—with acetone, 808 

— — with dioxane, 807 
—with ethyl alcohol, 807 

— method for infiltration and embedding of, 

811 

celloidin method for, 812 

— — Custer’s method for, 813 

— — paraffin method for, 810 

— ethyl alcohol in, detection of, 790 ' 

— fixation of, 805 

Masson trichrome method for, 834 

— — with alcohol, 806 

with Bouin’s fluid, 807 

with riemming’s solution, 806 

— — with formaldehyde. 806 
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Typing, continued 

— — in cercbro«pinal fluid, 453 
— —precipitation tect for, 452 

Sabin method for, 453 

Typhoid, bacilli. See Bacillus typhosus 
Typhoid fever, absorption test for, 596 

— agglutination methods for, 592 
— — macroscopic, 595 
— — microscopic. 594 

— bacteriology of, 488 
— .complement-fixation test for, 637 

— diagnosis of, cultures for, 488 

— — urine cultures for, 489 
Typhus fever, agglutination test for, 603 
Typhus like infections, agglutination of bacil- 
lus proteus in, 601 

Typhoid-paratyphoid vaccine, preparation of, 
550 

Tyrosine crystals in urine, 166 
Tyrosine, in bile, 231 


Uffelmann’s test, for lactic acid, jn gastric 
juice, 207 

Ulcers, bacteriological examination of, 424 
—collection of pus from, for bacteriological 
examination, 317 

Ultropak’a method, for preparing sections of 
tissue, 801 
Uncinariasis, 282 

Undenatured vaccines, Kreuger method for, 
551 

Undulant fever. See also Brucella 

— agglutination test for, 596 
— —test tube meihod for, 597 

— laboratory diagnosis, 477 

— opsono phagocytic test for, 478 
Universal, antidote, 49 

— donor, 608 

Unna’s alkaline methylene blue solution, for 
staining plasma cells, 819 
Urea, in urine, Keller’s te*t for, 143 

— ■ — Van §lyke Cullen's modification of Mar 

shall’s method. 143 

— clearance lest, 181 
— — normal values, 186 

— — significance of results, 186 
— — sources of error, 186 
— nitrogen, blood, calculation for, 719 

determination of, Karr’s method, ♦ 714 

— — Keller’s micromethod, 716 

— — — — Van Sljke manoraetnc method for, 
716 


Urea, continued 

— — — normal Tanges of,7!2 

——in urine, manomelric determination of. 
Van Slyke test for, 141 
Urethral secretions, collection of, for bacteri- 
ological examination, 327 
Urethrttr*. urinary findings in, 175 
Uric acid. Mood, determination of. Brown’s 
method for, 727 

— — normal ranges of, 712 

— crystals in urine, 165 
Urinary myiasis, 539 

Urinary tract disease, urinary findings in, 17 4 
Urine, acetone in, detection of, Frommer’s test 
for. 15t 

Rolhera’s test for, 153 

— Wollhatiser’s te«t for, 151 

— acid ammonium liiurale in, 168 

— acid, crystals in, 165 

— acidity of, 130 

— Addis sediment count of, 189 

— albumin in, Esbach’s test for. 140 

-Exton's quantitative test for, 139 

Folm’s lest for, 141 

heat and acid test for. 135 

in disease, 174 

Kingsbury, Clark, Williams and Post test 

for, 137 

Purdy’s lest for, 135 

qualitative tests for, 133 

quantitative test for, 137 

recording results, 136 

Robert’s test for, 137 

Shevky-^tafTord's teM for, 141 

— — sulphosahcylic acid test for, 131 

— — Tsuchiya's test for, 141 

— alkaline, crystals in, 167 

— amorphous phosphates in, 168 
-urates in, 165 

— amount of, 129 
in disease, 174 

— aniline in, detection of, 789 

— appearance of, in disease, 174 

— bacteria in v 176 

— bacteriological examination of, 326, 437 
• — Bence Jones protein in, detection of, 142 

— beta-oxybutyric acid in. Hart’s test for. 

155 

— bile acids in, Hay's test for, 157 

— bile pigment in, Nauraann’s test for, 1S6 

— — Roscnbach’s modification of Cmelm’s 

test, 156 

— bile salts in, Oliver’s test for, 157 
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Urine, continued 

— bilirubin in, Huppert’s test for, 156 
— • blood in, occult, Benzidine test for, 161 
orthotoluidine test for, 161 

— boric acid in, detection of, 787 
— 'bromine in. detection of, 795 

— calcium carbonote in, 168 

— calicum oxalate in, 165 

— casts in, 172, 173, 17 6 

— chlorides in, Volhard-Harvey test for, 162 

— cleaning of containers for, 127 • 

— collection of, 127 

for bacteriological study, 128 

for culture, 326 

— color of, 129 

Vogel’s scale for, 129 

— complement-fixation tests “with, 645, 

— cultures of, for typhoid bacilli, 489 

— concentration of, Ferguson’s method for, 

179 

— cylindroids in, 176 

— cystine in, 166 

— diacetic acid in, Gerhardt’s test for, 155 
Lindemann’s test for, 155 

— diazo reaction, Ehrlich’s, 160 

— dicalcium phosphate in, 167 

— detection of tubercle bacilli in, 480 

— detoxifying, Zondek’s method for, 179 

— dextrose in, Benedict’s picric acid method 

for, 119 

Benedict’s, qualitative test for, 146 

quantitative test for, 147 

test tube method for, 149 

— — fermentation test, 146 
Sumner’s test for, 150 

— epithelial cells in, 169 

— erythrocytes in, 171 

— extraneous matter in, 176 
— fibers in, 176 

— • formaldehyde in, Burnam’s lest for, 164 

— formed elements in, 165 

— galactose, detection of, 152 

— glucose in. Sec Dextrose 

— hematoporphyrin, detection of, 161 

— iuppuric acid in, test for, 851 

— hormonal test of, for chorionepithelioma, 

177, 179 

for liydatidiform mole, 177, 179 

for pregnancy, 177 

for teratomata, 177, 179 

— hydrogen ion concentration, determination 

Of, 131 

— indtean in, Obermayer’s test for, 155 


Urine, continued, 

— kidney function test, Mosentbal’s test for. 

184 

significance of, 183 

— lactose in, Rubner’s test for, 152 

— lead in, detection of, 778 

— leucine in, 166 

— leukocytes in, 171 

— levulo«e, Borchardt’s test for, 151 
Selinvs anoff’s test for, 151 

— melanin in, detection of, 163 
Blackberg-Wanger’s test for, 163 

— microscopical examination of, 164 

counting chamber method for, 165 

qualitative method, 164 

— molds in f 176 

— mucus threads in, 176 

— neutral, crystals in, 167 

— nitrobenzene in, detection of, 789 

— nubecula of, 130 

— odor of, 129 

— 'Oil droplets in, 176 

— organized sediments of, 169 

— phenolsulphonphthalein test, 186 
in jaundice, 187 

— phosphates in, 168, 176 

— physical examination of, 129 

— pentose in, Bial’s orcinol test for, 152 

— potassium chlorate in, detection of, 788 

— preservation of, 128 

— preservatives for, 128 

— proteoses in, detection of, 142 

— pseudocasts in, 176 

— pus cells in, 171 

— pus in, Donne’s test for, 129 

— rack for containers, 128 

— reaction of, determination of, 130 
in disease, 174 

—litmus test for, 130 

— sediment of, 129 
— • — in disease, 174 

— specific gravity of, determination of, 131 

— — in disease. 174 

u=e of Exton immiscible balance, 132 

• — — use of Saxe urino pykometer, 132 

— spermatozoa in, 176 

— sugar in. See Dextrose 

— sulfanilamide in, test for, 865 

— tests of, for renal function, 182 

— total, nitrogen in, Iiaden’s modification ti 

Folin-Denis test for, 145 
solids in, determination of, 133 

— transparency of, 129 
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Urine, continued 

— triple phosphates in, 167 

— tyrosine in, 166 t 

— unorganized sediments of, 165 

— urates in, 165, 176 

— urea in, Keller’s test for, 143 
— — Van Slyke Cullen's modification of Mar- 
shall's method for, 143 

Van Slyke’s manometric test for, 144 

——clearance test, 184 

— uric acid in, 165 

— crystals of, 165 

— urobilin, Schfesinger’s test for, 158 

— urobilinogen in, Ehrlich's lest for, 158 

— — Sparkman test for, 849 

— utochromogcn in, Wetoi’a test for, 160 

— urorosein in, detection of, 158 

— veronal in, detection of, 792 

— vitamin C in, test for, 6 62 
Urinoroeter, Squibb’o, 131 

— Vogel's, 131 

Urobilin, in feces, Schmidt’s qualitative test 
for. 215 

Wilbur-Addis, method for quantitative 

test for, 215 

— in urine, Schfcsinger’g test for, 158 

Ehrlich's test for, 158 

Urobilinogen, determination of, in feces, 8 19 
in urine. 850 

Urochromogen, in urine, 'Weisz's test for, 160, 
161 

Urogenital organs, bacteriological examination 
of, 438 

llrorosein, in urine, detection of, 158 


Vaccine therapy, bacterial allergy in relation 
to, tests for, 686 

Vaccines, autogenous preparation of, 5t9 

— bacterial suspensions for, 541 

— culture filtrate, preparation of, 518 

— diluting of, 547 
—dispensing ol, rr'tliods for, 548 

— -Heist Cohen pathogen selective method for. 
541 

— -preparation of, 540 

• cultures for, 540 

— preservation of, 547 
— selection of organisms for, 540 

— standardization of, 542 

counting chamber method* for, 543 

neplirlomctcr method for, 545 

——Wright’s method for, 544 


Vaccines, continued . " 

— sterilization of, chemical, 547 
by heat, 518 

— typhoid paratyphoid, preparation of, 5S0 

— Kreuger method for, 551 

Vaginal secretion*, collection of, for, bacteri- 
ological examination, 327 
Van Allen hematocrit tube, 71 
Von den Bergh lest, for Litirubin, 234 
Van Gievon'a slain, for collagen, 819 
Van Slyke’s, gas analysis apparatus, 736 

— manomefric determination of urea nitrogen, 

in urine. 144 

— manometric method, determination of urea 

nitrogen by, 716 

Van Slykc Cullen method for carl ion dioxide 
capacity of blood pla«ma, 735 

— modification of Marshall’s method for urea 

w urine, 113 

Van Slyke-Nrill manometric apparatus, 717 
Veal intu*ion broth, preparation of, 364 
Venipuncture, method for, 580, 585 
Venous oxygen unsaturation, normal range of, 
713 

VerhorfT* elastic tissue stain, 820 
Veronal, detection of, 791 
NcsicJe, 515 

Vibrio comma, identification of, 496 

— animal inoculation for, 497 
Vibnon septique, identification of, 419 
tincem's angina, diagnosis of. 502 
lirulence tc«t, for diphtheria bacilli, 464 
Virus infections, selection of animal* for, 22 
Viscosity, oi bile, 220 

Vitamin C* determination of, in plastpo, 
863 r 

in urine, 862 

Vogel'a scale, for color of urine, 129 ' ' 

• — urinometer, 131 
Voges-Proskauer react ion, 408 

— medium for, preparation of, 357 
Volhard Fahr test, for renal function, 182 

\ olhard-llarvcy test, for chloride* ‘W ‘ flrine, 
162, 163 * ' ' * 

Volume, index, of blond, 61 

determination of, 72 

— normal ranges of, 60 

— mean corpuscular, of erythrocytes normal 

ranges of, 60 

— of packed erythrocytes, in blood, 70 

— — determination of, 70 
Volumetric solutions, preparation of, 698 
Vortmann’s test for cyan/de, 7B6 
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Waggoner's solution, 828 ' r ’fc 

Wallhauser’s te=t for acetone, in urine, 
Washburn’s method, for peroxidase reaction, 
91 

Washing soda, detection of. in stomach con- 
tents, 788 

Wassermann test. Sec Complement-fixation test 
for syphilis 

Water, bacterial count of, total, 564 
— bacteriological examination of, 564 

— bath sterilization, 353 

— cholera vibrio in, examination for, 498 

— coli-aerogenes group in, completed test for, 

567 

— • — confirmed test for, 566 

detection of, 566 

fecal and nonfecal types, 568 

presumptive test for, 566 

reactions of. 569 

test for, interpretation of, 567 

— collection of, for bacteriological examina- 

tion of, 564 

— suction pump, 352 
Wayson’s stain, for bacteria, 394 
Waxy casts, urinary', 173 
Weigert’s mordants, 817 

Weil-Felix reaction,. for typhus fever, 603 
Weiss-Spaulding apparatus, for cultivating 
anaerobic bacteria, 389 

Weisz’s test, for urochromogen, in urine, 160 
Welch’s method, for staining, capsules, 400 
Westergren’s sedimentation tube, 104 
Whey agar, preparation of, 374 
Whipworms, 286 
White cells. Sec Leukocytes 
White diarrhea of chickens, agglutination test 
for, 605 

White rat. See Rat 

Whitehorn’s method, for blood chlorides, 739 
Whooping cough, agglutination test for, 605 

— bacillus of. See Pertussis 
Widal test, methods for, 592 
Wilbur-Addis quantitative test, for urobilin, 

245 


Willia anoinala, 530 

Wintrobe’s sedimentation tube, 404, 105 

Wire bolder, Kolle, 382 

— Rosenberger and Greenman. 382 

Wong method, determination of iron in blood. 
755 

Wood, alcohol, detection of, 789 

— tick, 537 

Wool sorter’s disease, 459 
Worms, preservation of, 289 

— examination for, in feces, 287 
Wounds, bacteriological control of, 416 
examination of, 415 

— collection of material from, for examination, 

330 

• — gangrene of, bacteriological examination of, 
417 

Wright’s, capsule, for collecting blood, 584 

— method, for staining, blood smears. 77 

— method for standardization of vaccines, 544 
Wright-Kinnicutt’s dduting fluid, for platelet 

counting, 99 


Xanthochromia, 3UQ 


Yeast, 530 

— in bile, 224 

— in urine, 176 
Yeast-like fungi, 530 

— key to genera, 514 


Zichl-Neelson’s carbolfuchsin, for staining 
acid-fast bacteria, 395 
Zeiss dark-field assembly, 391 
Zenker’s fluid, 805 
— for, decalcification of bone, 827 
Zondek method, for detoxifying urine, 179 
Zur nedden bacillus, identification of, method' 
for, 469 

Zygospores, 515 
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